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ABSTRACT 
Topical bioassays were conducted in 1991 to develop 
dose-mortality lines for the LSU laboratory reference colony 
(LSU-LAB) and field-collected colonies of tobacco budworm, 
Heliothis virescens (F.), from Louisiana, Mississippi and 
Texas. Field-collected colonies exhibited resistance to 
cypermethrin (l-41x), profenofos and sulprofos (l-8x), 
methomyl (2-6x) and no resistance to endosulfan compared to 
the LSU-LAB colony. 
Diagnostic dose bioassays were developed to facilitate 
rapid testing of field-collected colonies for resistance to 
insecticides. These diagnostic dose bioassays were conducted 
in 1992 and 1993 on the LSU-LAB colony, a North Carolina 
laboratory reference colony and field-collected colonies from 
Louisiana, Oklahoma and Texas. Significant (P<.0.01) levels 
of resistance to cypermethrin, endosulfan, profenofos, 
methomyl and thiodicarb were exhibited by all field-collected 
colonies (except one colony to thiodicarb) compared to the 
two reference colonies. 
Piperonyl butoxide (PBO) synergist bioassays resulted in 
significant (P<0.05) increases in mortality for ten of twenty 
colonies compared to cypermethrin alone, two of fourteen 
colonies compared to profenofos alone, three of eleven 
colonies compared to methomyl alone and two of seven colonies 
compared to thiodicarb alone. Field test data with 
cypermethrin and PBO combinations indicated significant 
x 
(P<0.05) reductions in bollworm [Helicoverpa zea 
(Boddie)]/tobacco budworm damage and numbers of live larvae 
were achieved with cypermethrin [0.09 kg (ai/ha) ] + PBO [1.12 
kg (ai/ha)] compared to cypermethrin [0.09 kg (ai/ha)] alone. 
Topical bioassays were conducted with the R. T. Gast 
Insect Rearing laboratory colony (GAST-LAB) and twenty-three 
field collections of boll weevils, Anthonomus grandis grandis 
Boheman, from eleven parishes in Louisiana. The order of 
toxicity of the insecticides tested against the GAST-LAB 
colony from most to least toxic was cyfluthrin > zeta-
cypermethrin > fipronil [ ( + )-5-amino-l-(2,6-dichloro-a,a,a-
trifluoro-p-tolyl)-4 -tri-fluoromethylsulf inylpyrazole-3 -
carbonitrile] > deltamethrin > azinphosmethyl > cypermethrin 
> methyl parathion > AC 303,630 [4-bromo-2-(4-chlorophenyl)-
1- (ethoxymethyl) -5- (trifluoromethyl) -pyrrole-3-carbonitrile] 
> oxamyl > endosulfan > malathion. There was no conclusive 
evidence of resistance to any of the eleven insecticides 
bioassayed against field-collected boll weevils, although 
LD50S for cypermethrin were highly variable. The LD50 values 
for AC 303,630. deltamethrin, endosulfan, fipronil, oxamyl 
and zeta-cypermethrin serve as baseline data. 
xi 
INTRODUCTION 
Over 16 million bales of cotton were produced on 
slightly more than 11 million acres of cotton in the United 
States in 1992. Total losses from insects amounted to a 6.9% 
reduction in yield and over 500 million dollars in control 
costs. The boll weevil, Anthonomus grandis gra.nd.is Boheman, 
combined with the bollworm, Helicoverpa zea (Boddie), and 
tobacco budworm, Heliothis virescens (F.), complex were 
responsible for 63% of the total yield loss and 64% of the 
total cost of insect control (Head 1993) . These pest 
problems are most acute in the Mid-South region of the United 
States. An important consideration in management of these 
pests is the ability that each has to develop resistance to 
insecticides (Sparks 1981, Graves & Wolfenbarger 1994). 
The first reports of field control failures in cotton 
due to resistance to the pyrethroids by the tobacco budworm 
were documented in Texas in 1985 (Plapp and Campanhola 1986) . 
The following year, field control failures with pyrethroids 
against tobacco budworm occurred in the Mid-South states of 
Arkansas, Louisiana and Mississippi and were documented 
utilizing three different bioassays to be due to the 
development of resistance to pyrethroid insecticides (Leonard 
et al. 1987, Luttrell et al. 1987, Plapp et al. 1987). 
Development of resistance in tobacco budworm has followed a 
historical pattern: introduction of a new class of toxicants 
(i.e. organochlorine, organophosphorus, carbamate and 
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pyrethroid insecticides) , extensive and widespread use of the 
new class of insecticide and the subsequent development of 
resistance. 
In response to the documentation of pyrethroid 
resistance in the tobacco budworm, management plans were 
developed which relied on the use of alternative compounds 
such as the organophosphorus and carbamate insecticides and 
Bacillus thuririgiensis var. kurstaki (Anonymous 1986, 
Luttrell et al. 1987, Plapp et al. 1987, Graves et al. 1988, 
Riley 1989) . In 1990, extensive use of the organophosphorus 
and carbamate insecticides occurred in the Macon Ridge region 
of Louisiana. Tobacco budworm field control failures were 
observed and were documented in the laboratory to be due to 
resistance to these compounds (Leonard et al. 1991, Elzen et 
al. 1992) . 
Resistance management strategies now must involve 
conservation of susceptibility to all insecticides used 
against the tobacco budworm (Leonard et al. 1991, 1994) . The 
main objectives of this study were to explore insecticide 
resistance patterns and mechanisms in tobacco budworm with 
the ultimate goal of contributing to the overall data base 
for refinement of insecticide resistance management 
strategies. 
The boll weevil was first detected in the United States 
in cotton in southern Texas in the late 1800's and for the 
next 3 0 years steadily spread throughout the cotton growing 
south (Bottrell 1983). Management strategies have been 
developed and an eradication program has been initiated to 
minimize insecticide use for control of the boll weevil. 
However, chemical control remains the most effective strategy 
for managing this insect pest (Lincoln and Graves 1978, 
Graves and Wolfenbarger 1994). 
The boll weevil has demonstrated the ability to develop 
resistance to the organochlorine insecticides (Roussel and 
Clower 1955, 1957). In contrast, the organophosphorus 
insecticides have been used successfully to control the boll 
weevil without development of resistance since 1955 (Lincoln 
and Graves 1978, Graves and Wolfenbarger 1994) . The 
pyrethroid insecticides have been used since 1978 to control 
the bollworm/tobacco budworm complex in cotton and also to 
suppress boll weevil populations (Graves and Wolfenbarger 
1994). 
Recently, concern has been expressed by some producers 
and agricultural consultants that the pyrethroids are 
exhibiting reduced efficacy against some boll weevil 
populations. Another objective of this study was to evaluate 
selected populations of boll weevils throughout Louisiana for 
their susceptibility to pyrethroid insecticides as well as 
other recommended insecticides compared to a laboratory 
reference colony. These data can be compared to the 
reference values already established (Hopkins et al. 1975, 
Rathinam 1979, Pavloff 1982.. Hopkins et al. 1984, Leonard et 
al. 1989, Wolfenbarger et al. 1986) to determine if a change 
in boll weevil susceptibility to the carbamate, 
organochlorine, organophosphorus or pyrethroid insecticides 
has occurred. Baseline data were developed for new classes 
of insecticides (phenyl pyrazoles and pyrroles) in the 
laboratory and their effectiveness against field populations 
of boll weevil elucidated. Additionally, responses of Spring 
and Fall field collections of boll weevil were compared to 
determine if seasonal variation in responses to insecticides 
occurs during the cotton production season. 
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RESEARCH OBJECTIVES 
I: To determine levels of resistance to carbamate, 
organochlorine, organophosphorus and pyrethroid 
insecticides in tobacco budworms from Louisiana, 
Mississippi, Oklahoma and Texas. 
II. To determine if piperonyl butoxide (PBO) or other 
synergists suppress resistance in tobacco budworm to 
carbamate, organophosphorus and pyrethroid insecticides 
in laboratory and field studies. 
III. To determine if the susceptibility of the boll weevil to 
insecticides recommended for its control has changed and 
to establish baseline toxicity data for new 
insecticides. 
A. Determine toxicological responses (LD50, LDg0, 
slope) for carbamate, organochlorine, 
organophosphorus, pyrethroid, phenyl pyrazole and 
pyrrole insecticides using a susceptible laboratory 
colony and field collections of boll weevils from 
selected locations in Louisiana. 
B. Determine the efficacy of selected insecticides 
against boll weevils in replicated small plot 
tests. 
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CHAPTER 1 
TOXICOLOGICAL RESPONSES OF TOBACCO BUDWORMS (LEPIDOPTERA: 
NOCTUIDAE) FROM LOUISIANA, MISSISSIPPI, AND TEXAS 
TO SELECTED INSECTICIDES 
Introduction 
Management of the bollworm, Helicoverpa (=Heliothis) zea 
(Boddie), and the tobacco budworm, Heliothis virescens (F.), 
complex has historically been accomplished primarily through 
chemical control strategies. Management of this complex 
represents a major percentage of insecticide applications 
used for cotton (Gossypium hirsutum L.) insect control 
(Clower 1980, Staetz 1985). The documentation of pyrethroid 
resistance in H. virescens in Arkansas (Plapp et al. 1987), 
Louisiana (Leonard et al. 1987), Mississippi (Roush & 
Luttrell 1987), and Texas (Allen et al. 1987, Plapp et al. 
1987) has led to the development of several insecticide 
resistance management plans (Anonymous 1986; Plapp et al. 
1987, 1990; Graves et al. 1988; Riley 1989; Baldwin & Graves 
1991) . 
A major component of these resistance management plans 
is the alternation of Bacillus thuringiensis var. kurstaki 
Berliner, carbamate, organophosphorus, and pyrethroid 
insecticides during different stages of the cotton growing 
season. However, H. virescens has already demonstrated the 
ability to develop resistance to several organophosphorus and 
9 
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carbamate insecticides if sufficient selection pressure is 
exerted (Sparks 1981). In 1990, resistance to the more 
recently registered organophosphorus and carbamate 
insecticides was confirmed in H. virescens populations in 
Louisiana and Mississippi (Leonard et al. 1991, Elzen et al. 
1992) . 
Successful management of insecticide resistant tobacco 
budworms relies heavily upon the intelligent use of all 
available insecticide classes. An active monitoring program 
to detect any changes in susceptibility to the various 
insecticides is necessary to modify chemical control 
strategies as needed. This study was conducted to determine 
the susceptibility of field-collected strains of H. virescens 
from Louisiana, Mississippi, and Texas to four classes of 
insecticides (carbamates, organochlorine, organophosphorus 
and pyrethroid). This was accomplished using the standard 
Entomological Society of America method for detection of 
insecticide resistance in Heliothis (Anonymous 1970) . This 
information is essential to continuously update and refine 
current insecticide resistance management plans. 
Materials and Methods 
Insects. The Louisiana State University laboratory 
reference strain (LSU-LAB) of H. virescens was originally 
established in 1977 by collections from cotton fields in 
Louisiana (Leonard et al. 1988). The Stoneville laboratory 
11 
reference strain (STV-LAB) of H. virescens has been 
maintained at the Southern Insect Management Laboratory USDA-
ARS, Stoneville, MS since 1984 (Elzen et al. 1992). The STV-
LAB strain is annually infused with wild males captured in 
pheromone traps placed adjacent to cotton fields near 
Stoneville, MS. Both strains have been in continuous culture 
without exposure to insecticides since their introduction 
into the laboratory. 
H. virescens strains were established by collecting 
eggs, larvae or adults at several locations in Mississippi, 
Louisiana, and Texas. These collections were made in areas 
that have a history of high insecticide use, where control 
problems occurred during 1991, or where control problems have 
occurred in the past (Table 1.1) . All field strains were 
collected from cotton with the exception of the Clarksdale 
strain (CLK), which was collected from velvetleaf, Abutilon 
theophrasti Medicus. 
All of the laboratory and field strains were generally 
reared in a similar manner. Adults were maintained in 3.8-
liter cardboard cartons covered with cotton gauze or tulle 
cloth as oviposition substrates and held at 27+3°C, 55-65% 
RH, and a photoperiod of 14:10 (L:D)h. They were fed a 10% 
sugar-water solution. Eggs were removed at least every 
other day and allowed to hatch at room temperature. Larvae 
of the LSU-LAB and the field strains were maintained in the 
Department of Entomology at the Louisiana Agricultural 
12 
Table 1. 
budworm 
1. Location and date of field 
strains during 1991. 
collection of tobacco 
Strain Location Collection Date 
CLK Clarksdale, MS 28 May 
FP Friars Point, MS 5 Sep 
SNK Snook, TX 16 Aug 
UV Uvalde, TX 15-16 Aug 
BC-E Bossier City, LA 21 Aug 
BC-A Bossier City, LA 28-2 9 Aug 
SJ St. Joseph, LA 19 Aug 
CHV Cheneyville, LA 24 Sep 
13 
Experiment Station and reared on a pinto bean and wheat germ 
diet according to procedures described by Leonard et al. 
(1988) . 
Insecticides. Technical-grade samples of cypermethrin 
and endosulfan (FMC; Middleport, NY) , profenofos (CIBA, 
Greensboro, NC) , methomyl (Dupont Agricultural Products, 
Wilmington, DE), and sulprofos (Miles Inc., Kansas City, MO) 
were obtained from the manufacturers for the topical 
bioassays. Technical materials were diluted to a 1% stock 
solution in acetone and refrigerated until needed. 
Topical application procedures. These methods were 
similar to those specified by the ESA standard test for 
determining relative susceptibility levels in 
Heliothis/Helicoverpa spp. (Anonymous 1970). However, third 
instars weighing 20+3 mg were used, which is now generally 
accepted (Mullins & Pieters 1982). Prior to treatment, 
larvae were removed from stock strains and placed on fresh 
diet. Serial dilutions were prepared from technical grade 
insecticides in acetone solutions. Insects were treated on 
the dorsal surface of the thorax with 1 /x 1 aliquots of 
acetone alone (control) or a technical grade insecticide 
dissolved in acetone. The dose-mortality line for each 
insecticide was determined from four or five doses with 10 
insects treated per dose and was based upon two to three 
replicates. After treatment, the larvae were held at 27±3°C, 
55-65% RH, and a photoperiod of 14:10 (L:D)h. Mortality was 
14 
determined after 72 h. The criterion for mortality was 
inability of a larva to change position within 15 s after 
being prodded. Results were analyzed using a microcomputer 
based probit analysis (Polo-PC, LeOra Software, 1119 Shattuck 
Ave., Berkeley, CA 94707). The x2 values obtained from the 
probit analysis program were compared to x2 table values to 
determine significance. Analyses of resistance ratios were 
done according to Robertson & Preisler (1992) . Control 
mortality was never >5%; data were corrected for control 
mortality using Abbott's (1925) formula. LD50s and LDgos were 
considered significantly different if 95% confidence limits 
failed to overlap. 
Results 
Topical bioassays. Dose-mortality responses and 
resistance ratios for cypermethrin applied to the LSU-LAB, 
STV-LAB, and field-collected strains of H. virescens are 
shown in Tables 1.2 and 1.3. Dose-mortality values (LD50 
level) for the field-collected strains ranged from 0.40 /xg/g 
of larval weight for the F4 generation of the CLK strain to 
16.95 ug/g for the F? generation of the UV strain (Table 
1.2). All field-collected strains demonstrated resistance to 
cypermethrin with the exception of the F4 generation of the 
CLK strain and the BC-E strain, which had LD50s of 0.4 0 and 
0.55 /xg/g compared with 0.40 /xg/g for the LSU-LAB strain and 
0.45 /xg/g for the STV-LAB strain. The resistance ratios 
Table 1.2. Toxicological responses (LD50 level) of tobacco budworm from selected locations 
to cypermethrin. 
Number Resistance 
Colonv3 tested Slope + SE LD-50 b(S5% CL) Ratio(95% CL) x2 
LSU-LAB 515 1 .89 ± 0 .19 0 .40 0. 25-0 . 60) N/A 3 . 90c 
STV-LAB 210 2 . 08 + 0 .42 0 .45 0 . 30-0 .80) N/A 0 . 07 
CHVf 135 0 . 99 ± 0 .35 1 05 0 . 25-1 . 90) 2 .47 (1-10-5 . 54)d 2 . 83 
2 .27 (1. 02-5 . 08) e 
BC-E9 150 1 . 86 + 0 .29 0 .55 0 . 40-0 .75) 1 .33 (0 . 93-1 . 89) d 1.33 
1 .22 (0. 86-1 . 72)e 
BC-A3 130 1 .89 ± 0 .62 2 .00 1. 05-2 . 90) 4 . 76 (2 . 66-8 . 50)d 0.87 
4 .38 (2 . 46-7 . 78) e 
SJ3 210 2 . 06 ± 0 .34 1 .55 1. 20-2 .20) 3 . 75 (2 . 50-5 . 64) d 1.95 
3 .45 (2 . 32-5 . 15) e 
CLK3 180 2 .19 + 0 .28 0 . 75 0 . 40-1 .20) 1 . 77 (1. 13-2 . 77) d 4.22 
1 .63 (1. 05-2 . 53) e 
CLKh 160 2 .33 + 0 .39 0 .40 0 . 30-0 . 50) 0 .91 (0 . 58-1 . 42)d 0 . 70 
0 .84 (0 . 54-1 .30) e 
FP3 115 1 .77 + 0 .31 1 .30 0 . 85-2 .00) 3 .18 (2 . 03-4 . 99) d 0.96 
2 .93 (1. 88-4 . 56) 0 
SNK3 175 1 . 52 + 0 .26 2 .50 1. 70-3 .80) 5 .98 (3 . 80-9 .41) d 2.66 
5 .50 (3 . 52-8 . 6 0) e-
UV3 240 4 . 31 + 0 .82 16 . 95 13 .60-20.20) 40 .80 (27 . 06-61.52)d 0 .44 
37 .55 (25 . 10-56.17)e 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as pig of insecticide/g of larval weight. 
c x2 values were not significant at P<0.05. 
d Resistance ratio relative to LSU-LAB strain. 
e Resistance ratio relative to STV-LAB strain. 
f Values for tests done in the Fx generation. 
3 Values for tests done in the F2 generation. 
h Values for tests done in the F4 generation. 
Table 1.3. Toxicological responses (LD90 level) of tobacco 
to cypermethrin. 
budworm from selected locations 
Number Resistance 
Colonva tested Slope + SE LD-90 (95% CL) Ratio(95% CL) X 2 
LSU-LAB 515 1 89 + 0 . 19 2 . 00 1. 30-4.45) N/A 3 . 90c 
STV-LAB 210 2 08 + 0 .42 1 . 85 0 . 95-7.80) N/A 0 . 07 
CHVf 135 0 99 ± 0 .35 20 .54 6. 45-664.05) 10 .19 (1.47-70.52)d 2. 83 
10 . 81 (1.33-87.71)e 
BC-E3 150 1 86 + 0 . 29 2 . 70 1. 85-5.00) 1.36 (0.78-2.36)d 1. 33 
1.44 (0.55-3.81)e 
BC-A3 130 1 89 + 0 . 62 9 .50 5 . 20-118.15) 4 . 76 (1.66-13.65)d 0. 87 
5.05 (1.34-18.95)e 
SJ3 210 2 06 + 0 .34 6 .55 4 . 00-16.20) 3.30 (1.59-6.85)d 1. 95 
3 .50 (1.19-10.34)e 
CLK3 180 2 19 + 0 .28 2 . 80 1. 65-10.20) 1.43 (0.84-2.45)d 4 . 22 
1.52 (0.58-3.98)e 
CLKh 160 2 33 + 0 .39 1 .35 0 . 90-2.70) 0 . 68 (0.36-1.26)d 0 . 70 
0 . 72 (0.26-1.98)0 
FP3 115 1 77 + 0 .31 6 . 95 4 . 00-19.05) 3 . 54 (1.63-7.70)d 0 . 96 
3 .76 (1.23-11.46)e 
SNK3 175 1 52 + 0 .26 17 .40 9. 25-56.85) 8.74 (3.57-21.39)d 2 . 66 
9.28 (2.79-30.80)e 
UV3 240 4 31 + 0 . 82 33 . 65 27 .20-49.55) 17.00 (10.76-26.86)d 0. 44 
18.04 (7.18-45.33)e 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as /xg of insecticide/g of larval weight. 
c x2 values were not significant at P<0.05. 
d Resistance ratio relative to LSU-LAB strain. 
e Resistance ratio relative to STV-LAB strain. 
f Values for tests done in the Fx generation. 
3 Values for tests done in the F2 generation. 
h Values for tests done in the F4 generation. H CTl 
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ranged from lx (no significant difference) in the BC-E and 
the CLK (F4 generation) strains to a high of 41x and 38x for 
the UV strain relative to the LSU-LAB and STV-LAB strains, 
respectively. The majority of the resistance ratios for the 
field-collected strains were between 2 and 6. The CLK strain 
was tested initially in the F2 generation and exhibited a 
resistance ratio of 2. However, by the F4 generation there 
was no significant difference between the response of the CLK 
strain and that of the two laboratory reference strains. 
At the LDgo level, resistance ratios were generally 
comparable to the ratios at the LD50 level with the exception 
of the CHV and UV strains (Table 1.3). The CHV strain had 
very broad 95% confidence limits at the LDgo level. The 
resistance ratio of the UV strain was considerably lower at 
the LDS0 level than at the LD50 level (17x compared to 41x) . 
Slopes of the dose-mortality lines ranged from 0.99 to 2.33, 
except for the UV colony which was 4.31. 
Resistance to profenofos was observed in all strains 
with the exception of the FP strain. Responses to profenofos 
at the LD50 level for the field-collected strains ranged from 
4.30 to 37.55 /xg/'g (Table 1.4). The response to profenofos 
by the CLK strain decreased from the Fz generation (8.20 
/xg/g) to the F4 generation (6.10 fig/g) but these values were 
not significantly different. The highest resistance ratio 
for profenofos was observed in the SNK strain at both the LDS0 
Table 1.4. Toxicological responses (LDS0 level) of tobacco budworm from selected locations 
to profenofos. 
Number Resistance 
Colonva tested Slope + SE LD-50b(95% CL) Ratioc(95% CL) Y2 
LSU-LAB 186 3 . 59 ± 0.60 4 .  70 (3.90-5.75) N/A 0.13d 
BC-E0 145 6 . 18 + 1. 75 14 . 00 (11.75-16.20) 2 . 98 (2.36-3.78) 0 . 006 
CLKe 150 1. 85 + 0 . 28 8 . 20 (6.15-11.40) 1. 73 (1.28-2.33) 1.93 
CLKg 135 3 . 12 + 0 .46 6 , . 10 (2.65-12.50) 1.28 (0.89-1.85) 2.01 
FPf 115 2 . 48 + 0 .45 4 . 30 (N/A) 0 . 91 (0.60-1.39) 5.38 
SNKf 105 1, .75 + 0 . 59 37 , .55 (19.75-447.70) 7 . 93 (3.02-20.85) 2 .11 
UVe 180 2 . 96 ± 0.52 12 .  60 (9.00-16.25) 2.67 (1.93-3.71) 1.95 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as pig of insecticide/g of larval weight. 
c Resistance ratio relative to LSU-LAB strain. 
d x2 values were not significant at P<.0.05. 
e Values for tests done in the F2 generation. 
f Values for tests done in the F3 generation. 
9 Values for tests done in the F4 generation. 
H 00 
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and the LDgo (Table 1.5) levels (8x and 19x respectively) . 
Slopes of dose-mortality lines varied from 1.75 to 6.18. 
Dose-mortality data for sulprofos revealed little 
variation in the LD50 and LD90 responses of the strains tested 
(Tables 1.6 and 1.7). The LD50 responses ranged from 11.65 
in the CLK strain to 16.50 [X g/g in the SNK strain. No 
significant differences in responses were found in any of the 
field-collected strains in comparison with the LSU-LAB 
strain. However, the SNK and BC-E strains showed resistance 
ratios of 2x at the LD90 level. Slopes of the dose-mortality 
lines ranged from 2.11 to 4.20. 
The responses of the field-collected strains to methomyl 
at the LD50 level ranged from 1.40 to 38.85 fxg/g (Table 1.8) . 
Significant levels of resistance (6x) were found in the UV 
strain and in the CLK F2 generation (3x) strain at the LDS0 
level. The LD90 responses ranged from 11.10 to 525.00 p.g/g 
(Table 1.9) . However, only the UV strain showed a high level 
of resistance (8x) at the LD90 level. A large decrease in the 
LD50 response of the CLK strain occurred from the F2 
generation (21.35 jug/g) to the F5 generation (1.40 /xg/g) . 
Slopes of dose-mortality lines ranged from 1.13 to 1.73. 
At the LDS0, response to endosulfan by the LSU-LAB colony 
was 101 ixg/g, which was higher (2-3x) than the responses of 
the field-collected colonies tested (Table 1.10). However, 
only the responses of tne CLK colony were significantly lower 
at both the LDsn and LD9G level from the response of the 
Table 1.5. Toxicological responses (LD90 level) of tobacco budworm from selected locations 
to profenofos. 
Colonva 
Number 
tested Slope + SE LD -90b(95% CL) 
Resistance 
Ratioc (95% CL) Y2 
LSU-LAB 186 3.59 + 0 . 60 10 . 75 (8.30-16.85) N/A 0 .13d 
BC-Ee 145 6.18 + 1.75 22 . 70 (19.20-32.05) 2 .12 (1.43-3.15) 0 . 006 
CLKe 150 1.85 + 0 .28 40 . 50 (24.85-93.60) 3 . 77 (1.90-7.47) 1. 93 
CLKg 135 3 .12 + 0.46 15 . 65 (8.45-90.90) 1.45 (0.87-2.43) 2 . 01 
FPf 115 2.48 + 0.45 14 . 15 (N/A) 1.32 (0.73-2.39) 5.38 
SNK9 105 1.75 + 0 . 59 203 , . 05 (60.30-6,111.02) 18 . 80 (2.49-142.03) 2.11 
UVe 180 2.96 + 0 .52 34 . 25 (25.70-54.95) 3 .18 (1.95-5.19) 1.95 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as of insecticide/g of larval weight. 
c Resistance ratio relative to LSU-LAB strain. 
d x2 values were not significant at P<,0.05. 
e Values for tests done in the F2 generation. 
f Values for tests done in the F3 generation. 
9 Values for tests done in the F4 generation. 
to 
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Table 1.6. Toxicological responses (LD50 
to sulprofos. 
level) of tobacco budworm from selected locations 
Number 
Colony3 tested 
LSU-LAB 2 60 
BC-Ee 150 
CLKf 170 
SNKe 110 
Slope + SE 
3.85 + 0.71 
2.11 ± 0.37 
4.20 + 0.83 
2.47 + 0.62 
LP-50b(95% CL) 
13.60 (11.45-15.50) 
14.20 (10.65-18.05) 
11.65 (N/A) 
16.50 (12.25-25.30) 
Resistance 
Ratioc(95% CL) 
N/A 
1.05 (0.26-4.23) 
0.86 (0.72-1.02) 
1.21 (0.89-1.67) 
0 .49d 
0 .37 
5.56 
0.57 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as /xg of insecticide/g of larval weight. 
c Resistance ratio relative to LSU-LAB strain. 
d x2 values were not significant at P<0.05. 
e Values for tests done in the F2 generation. 
f Values for tests done in the F5 generation. 
Table 1.7. Toxicological responses (LD90 
to sulprofos. 
level) of tobacco budworm from selected locations 
Number 
Colony3 tested 
LSU-LAB 260 
BC-Ee 150 
CLKf 170 
SNKe 110 
Slope + SE 
3.85 ± 0.71 
2.11 ± 0.37 
4.20 ± 0.83 
2.47 + 0.62 
LD-90b(95% CL) 
29.25 (23.80-43.40) 
57.50 (39.30-117.50) 
23.55 (N/A) 
54.55 (32.40-222.35) 
Resistance 
Ratioc(95% CL) 
N/A 
1.97 (0.45-8.72) 
0.80 (0.57-1.14) 
1.86 (0.84-4.16) 
0.49 
0.37 
5.56 
0.57 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as fxg of insecticide/g of larval weight. 
c Resistance ratio relative to LSU-LAB strain. 
d x2 values were not significant at P<0.05. 
e Values for tests done in the F2 generation. 
f Values for tests done in the F5 generation. 
Table 1.8. Toxicological responses (LD50 level) of tobacco budworm from selected locations 
to methorny1. 
Colonv3 
Number 
tested Slope + SE LD-50b(95% CL) 
Resistance 
Ratio0(95% CL) Y2 
LSU-LAB 175 1.32 + 0.23 6 . 65 (4.05-9.95) N/A 0.33' 
BC-Ee 150 1.32 + 0.26 4 . 35 (2.20-6.85) 0.66 (0.33-1.33) 0.29 
CLKe 105 1.16 + 0.31 21. 35 (10.20-46.80) 3 .17 (1.58-6.33) 1.70 
CLK9 125 1.41 + 0.31 1, .40 (0.70-42.95) 0 .20 (0.12-0.34) 0.62 
FPf 150 1.73 + 0.23 4 . 70 (2.40-8.50) 0.70 (0.43-1.14) 3.11 
SNKe 150 1.48 + 0.24 9 . 40 (6.05-14.40) 1.41 (0.79-2.49) 0 . 63 
UVe 135 1.13 ± 0.25 38 . 85 (19.55-139.90) 5.82 (2.38-14.25) 1.50 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as /xg of insecticide/g of larval weight. 
c Resistance ratio relative to LSU-LAB strain. 
d x2 values were not significant at P<0.05. 
e Values for tests done in the F2 generation. 
f Values for tests done in the F3 generation. 
3 Values for tests done in the Fs generation. 
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Table 1.9. Toxicological responses (LDS0 level) of tobacco budworm from selected locations 
to methomyl. 
Colonva 
Number 
tested Slope + SE LD -90b(95% CL) 
Resistance 
Ratioc(95% CL) Y2 
LSU-LAB 175 1.32 + 0 .23 62 . 40 (34.25-189.90) N/A 0 .33' 
BC-Ee 150 1.32 + 0 .26 41. 10 (22.65-132.45) 0 . 66 (0.66-1.99) 0.29 
CLKe 105 1.16 + 0 .31 270 .  55 (95.00-5,918.60) 4.31 (0.76-24.27) 1.70 
CLK9 125 1.41 + 0.31 11. .10 (5.85-42.95) 0 .18 (0.01-0.56) 0.62 
FPf 150 1.73 + 0 .23 25 . 80 (13.10-105.60) 0 .41 (0.16-1.06) 3 .11 
SNKe 150 1.48 + 0 . 24 69 . 60 (38.55-192.35) 1.11 (0.37-3.30) 0.63 
UVe 135 1.13 ± 0 . 25 525, .00 (144.10-1,086.79) 8.47 (1.20-60.03) 1.50 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as of insecticide/g of larval weight. 
c Resistance ratio relative to LSU-LAB strain. 
d x2 values were not significant at P<.0.05. 
e Values for tests done in the F2 generation. 
f Values for tests done in the F3 generation. 
3 Values for tests done in the F5 generation. 
to 
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Table 1.10. Toxicological responses (LD50 and LDS0 levels) of tobacco budworm from selected 
locations to endosulfan. 
Colonva 
Number 
tested Slope + SE LD-50b (95% CL) LD -90b(95% CL) Y2 
LSU-LAB 230 1.24 + 0 .23 100.70 (59.95 -214 -15) 1213 . 30 (448.95-1,098.71) 1.44° 
BC-Ed 125 1.22 + 0 .25 36.00 (20.50 -60 . 00) 365 . 00 (172.00-1805 . 00) 1.91 
CLKf 170 3 .63 + 0 . 87 29 . 65 (21.90 -36 . 50) 66 .  90 (51.00-126.90) 2 .27 
SNKd 135 3.05 + 1.47 63 . 95 (N/A) 168 . 50 (N/A) 1.08 
UVe 168 1.52 + 0.36 77.20 (53.15 -159 .40) 537. 75 (225.30-5,382.65) 0 .15 
a See Table 1 for explanation of strain abbreviations. 
b Expressed as /xg of insecticide/g of larval weight. 
c x2 values were not significant at P<0.05. 
d Values for tests done in the F3 generation. 
0 Values for tests done in the F4 generation. 
f Values for tests done in the F5 generation. 
to 
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LSU-LAB colony. LD50s for field-collected colonies ranged 
from 29.65 by the CLK colony to 77.20 /*g/g by the UV colony 
and LDgos ranged from 66.90 by the CLK colony to 537.75 fxg/g 
by the UV colony. Slope values for dose-mortality lines 
varied from 1.22 to 3.63. 
X2 values are presented, for all colonies tested, in 
Tables 1.2-1.10. None of the x2 values were significant 
indicating that all data sets fit the assumptions of the 
probit model. 
Discussion 
There was considerable variation among responses at the 
LD50 level for cypermethrin, profenofos, and methomyl in the 
LSU-LAB strain compared with LD50 values previously reported 
for this strain (Leonard et al. 1988, 1991). The use of 
smaller larvae in the present bioassays may account for the 
differences in LD50 values (Mullins & Pieters 1982). Because 
the response of the LSU-LAB strain varied for different test 
dates, resistance ratios will be used to make comparisons 
with previously published data. 
At the LD5C level, resistance ratios for all field-
collected strains to cypermethrin, except the UV strain, are 
within the range of resistance ratios reported previously 
(Leonard et al. 1988, 1991) and resistance ratios calculated 
from data in Luttrell et al. (1987). The resistance ratio 
for the UV strain at the LD50 level was 41x, which is 
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considerably higher than the ratios presented for the Uvalde-
86 strain by Leonard et al. (1988) . However, the resistance 
ratio of the Uvalde-86 strain at the LDgo level (Leonard et 
al. 1988) is similar to the resistance ratio for the UV 
strain in the current study. Comparisons at the LDgo level may 
give a better estimate of the expression of resistance under 
field conditions because a high level of mortality (85-90%) 
is generally necessary for satisfactory field control 
(Leonard et al. 1988) . 
Low levels of resistance to profenofos were observed in 
tobacco budworms collected in all three states. No 
significant differences were seen in the LD50 responses to 
sulprofos. However, a low level of resistance was observed 
at the LD90 level for the SNK and BC-E strains treated with 
sulprofos. These data appear to further validate the 
r 
evidence presented by Leonard et al. (1991) and Elzen et al. 
(1992) that some populations of tobacco budworm have 
developed significant levels of resistance to several 
organophosphorus insecticides. 
Significant levels of methomyl resistance were found in 
the CLK F2 generation and UV strains with resistance ratios 
(LDbo) of 3 and 6, respectively. Even though a resistance 
ratio greater than 1 was observed for methomyl in tests with 
the SNK strain, this level was not significant based upon 
overlapping 95% confidence limits with the LSU-LAB strain. 
Poor control of tobacco budworm was observed with the 
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carbamate thiodicarb in the location where the BC-E strain 
was collected. However, this strain did not show resistance 
to methomyl in the third laboratory generation. 
The LD50 response to endosulfan by the LSU-LAB colony was 
higher than the response by the susceptible colony reported 
by Graves et al. (1964). However, the LD50 of the LSU-LAB 
colony was lower than the field-collected colony reported in 
that study. All of the 1991 field-collected colonies tested 
had LDBOS and LDgus lower than that for the LSU-LAB colony. 
Interestingly in spray chamber bioassays with these same 
colonies, endosulfan was more toxic to the STV-LAB reference 
colony than to the 1991 field-collected colonies tested 
(Martin et al. 1992). 
These results indicate that resistance to pyrethroid, 
organophosphorus and carbamate insecticides is present in 
some field populations of tobacco budworm. Significant 
levels of resistance detected in field strains using 
laboratory tests do not necessarily mean that field control 
failures will occur in all situations. In the absence of 
high populations, reduced control due to resistance may not 
be observed. Additionally, control of tobacco budworm with 
insecticides can be enhanced by timing applications against 
the most sensitive stages (i.e. eggs and larvae < 3 days old) , 
application on a narrow interval and use of ovicidally active 
compounds with a larvicide. 
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CHAPTER 2 
DEVELOPMENT AND USE OF A DIAGNOSTIC DOSE BIOASSAY FOR 
MONITORING INSECTICIDE RESISTANCE IN TOBACCO BUDWORM 
(LEPIDOPTERA: NOCTUIDAE) IN MID-SOUTH COTTON 
Introduction 
Populations of tobacco budworm, Heliothis virescens 
(F.), have developed resistance to carbamate, cyclodiene, 
organophosphorus and pyrethroid insecticides (Sparks 1981, 
Plapp and Campanhola 1986, Leonard et al. 1987, Plapp et al. 
1987, Roush and Luttrell 1987, Allen et al. 1987, Leonard et 
al. 1991, Elzen et al. 1992a, Martin et al. 1992) . In 
response to increasing levels of pyrethroid resistance and 
documented resistance to other classes of compounds, 
management plans have evolved to comprehensive insecticide 
resistance management strategies (Anonymous 1986; Plapp et 
al. 1987, 1990; Graves et al. 1988; Riley 1989; Baldwin and 
Graves 1991) . A major component of these resistance 
management plans is the alternation of Bacillus 
thuringiensis, carbamate, organophosphorus and pyrethroid 
insecticides during different stages of the cotton growing 
season (i.e. different generations of tobacco budworm). 
Refinement of resistance management plans relies on new 
information concerning tobacco budworm resistance patterns in 
field populations. 
31 
32 
Resistance monitoring programs generally use comparisons 
of LD50S, LDgos and slopes between field-collected colonies 
and a laboratory reference colony for resistance detection 
(Twine and Reynolds 1980, Staetz 1985). The diagnostic dose 
bioassay has been suggested as a more efficient method in 
detection of resistance and in the use of larvae available 
for testing from field-collected insects colonies (Roush and 
Miller 1986). Additionally, susceptibility to insecticides 
in field-collected colonies has been shown to increase during 
laboratory culture, emphasizing the need to test field-
collected insects as soon as possible before their resistance 
patterns change (Elzen et al. 1992b). 
The present study was designed to develop a topical 
diagnostic dose bioassay for evaluating resistance levels in 
tobacco budworm and to evaluate the susceptibility of tobacco 
f 
budworms from Louisiana and adjacent states to carbamate, 
cyclodiene, organophosphorus and pyrethroid insecticides. 
This information on resistance and cross-resistance patterns 
is necessary for refinement of current insecticide resistance 
management plans. 
Materials and Methods 
Diagnostic dose. Initially, a dose-mortality line for each 
insecticide was established for the LSU laboratory reference 
colony (LSU-LAB). Then the diagnostic dose for each 
insecticide was determined by selecting the approximate LD80_90 
for the LSU-LAB colony because this dose should best 
differentiate between susceptible and resistant insects 
(McCutchen et al. 1989, Halliday and Burnham 1990). At this 
dose, most resistant insects should survive the treatment. 
The diagnostic doses selected initially for each insecticide 
then were re-evaluated against the LSU-LAB colony and 
adjustments were made to correct for mortality extremes. 
Fifty individuals were tested for each bioassay because Roush 
and Miller (1986) stated that a sample of 50 individuals 
would be suitable to document resistant individuals at a 
frequency of > 10% with 95% accuracy. The utility of the 
diagnostic dose of each insecticide for detecting resistant 
individuals was confirmed by comparing results from the 
diagnostic doses to those from full dose-mortality studies 
using the first two field-collected colonies in 1992. 
Insects. Colonies of tobacco budworm were established 
by collecting eggs or larvae from several locations in 
Louisiana, Oklahoma and Texas. The collection dates and 
locations of tobacco budworm colonies included in the present 
study are shown in Table 2.1. All of the field colonies were 
collected from cotton with the exception of the MR-JN-92 and 
MR-JN-93 colonies, which were collected from velvetleaf, 
Abutilon theophrasti Medicus. The North Carolina laboratory 
reference colony (NC-LAB) has been reared in the laboratory 
without exposure to insecticides since 1984. The LSU-LAB 
colony of tobacco budworm was originally established in 1977 
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Table 2.1. Location and date of field collections of tobacco 
budworm colonies during 1992 and 1993. 
Colony Location Collection Date 
1992 
CHV-92 
CP- 92 
HAR-92 
HRN-92 
MR-JN-92 
MR-JL-92 
RRS-JN-92 
RRS-A-92 
SNK-92 
UVL-92 
Cheneyville, LA 
Cooter Point, LA 
Harlingen, TX 
Hearne, TX 
Winnsboro, LA 
Winnsboro, LA 
Bossier City, LA 
Bossier City, LA 
Snook, TX 
Uvalde, TX 
14 Aug 
31 Jul 
12 Jul 
19 Aug 
19 Jun 
21 Jul 
19 Jun 
21 Aug 
17 Aug 
19 Aug 
1993 
ALT-93 
CHV-93 
CR-JL-93 
CR-A-93 
HRN-93 
MR-JN-93 
MR-S- 9 3 
NAT-93 
NRS-93 
RRS-93 
UVL-93 
Altus, OK 
Cheneyville, LA 
Crowville, LA 
Crowville, LA 
Hearne, TX 
Winnsboro, LA 
Winnsboro, LA 
Natchez, LA 
St. Joseph, LA 
Bossier City, LA 
Uvalde, TX 
24 & 25 Aug 
23 Jul 
22 Jul 
11 & 12 Aug 
13 & 14 Aug 
17 & 18 Jun 
15 & 16 Sep 
20 Jul 
Aug 
Aug 
Aug 
13 
11 
29 
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by collections from cotton fields in Louisiana (Leonard et 
al. 1988). This colony has been in continuous culture 
without exposure to insecticides since its introduction into 
the laboratory. 
All of the laboratory and field colonies were reared in 
a similar manner. Adults were maintained in 3.8 liter 
cardboard cartons covered with cotton gauze as an oviposition 
substrate and were fed a 10% sugar water solution. The 
temperature was maintained at approximately 27+3°C under a 
14L:10D photoperiod. Eggs were removed at least every other 
day and allowed to hatch at room temperature. Larvae were 
reared on a pinto bean and wheat germ diet according to 
procedures described by Leonard et al. (1988). 
Insecticides. Technical-grade samples of cypermethrin 
and endosulfan (FMC, Middleport, NY), profenofos (CIBA, 
Greensboro, NC). and methomyl (Dupont Agricultural Products, 
Wilmington, DE) , were obtained from the manufacturers for the 
topical bioassays. Technical materials were diluted to a 1% 
stock solution in acetone and refrigerated until needed. A 
formulated sample of thiodicarb (Rhone-Poulenc Ag. Company, 
Research Triangle Park, NC) was obtained from the 
manufacturer for the diet bioassays. 
Topical bioassays. Topical bioassay procedures used 
were similar to those outlined in the E.S.A. standard test 
method for determining relative susceptibility levels in 
Heliothis spp. (Anonymous 1970), except that third instars 
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weighing 2 0+5 mg were used, as is now generally accepted 
(Mullins and Pieters 1982). Before treatment, larvae were 
removed from stock colonies and placed on fresh diet. 
Insects were treated on the dorsal surface of the thorax with 
1 fxl aliquots of acetone alone (control) , serial dilutions 
from technical grade insecticides dissolved in acetone or a 
previously determined discriminating dose of a technical 
grade insecticide dissolved in acetone. Fifty larvae from 
the first laboratory generation of each field collected 
colony were treated. After treatment, the larvae were held 
at 27+3°C, at 55-65% RH under a 14L:10D photoperiod. 
Mortality was determined after 72 hours. The criterion for 
mortality was inability of a larva to change position within 
15 seconds after being prodded with a blunt probe. Control 
mortality was never greater than 5%; data were corrected 
using Abbott's (1925) formula. The responses of the 
laboratory reference colonies and field colonies were 
analyzed using a microcomputer based probit analysis (POLO-
PC, LeOra Software, 1119 Shattuck Ave., Berkeley, CA 94707) 
or were subjected to specific linear contrasts (SAS 1988). 
Analyses of resistance ratios were done according to 
Robertson & Preisler (1992). The x2 values were obtained 
from the probit analysis program and were compared to a x2 
table to determine if the values were significant. 
Diet bioassays. The diet bioassays were performed by 
applying 100 jj.1 of a 2500 PPM thiodicarb solution to the 
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surface of the pinto bean and wheat germ diet in a 30 ml (1 
oz) Jetware® cup. The diet surface then was then allowed to 
dry. Third instars (50) weighing 20+5 mg were removed from 
each colony and placed on diet that had been pretreated with 
thiodicarb (one larva per cup) . All larvae were held at 
27+3°C at 55-65% RH under a 14L:10D photoperiod. Mortality 
was determined after 72 hours. The criterion for mortality 
was inability of a larva to change position within 15 seconds 
after being prodded with a blunt probe. Control mortality 
was never greater than 5%; data were corrected using Abbott's 
(1925) formula. The responses of the colonies were subjected 
to specific linear contrasts (SAS 1988). 
Results 
Diagnostic dose. The toxicological responses and 
resistance ratios of the HAR-92 field-collected colony 
compared to the LSU-LAB colony indicated significant levels 
of resistance to cypermethrin (7X) and profenofos (12X) 
(Table 2.2). The RRS-JN-92 field-collected colony exhibited 
significant levels of resistance to cypermethrin (16X), 
profenofos (8X) and endosulfan (8X) compared to the LSU-LAB 
colony. None of the x2 values were significant indicating 
that all of the data sets fit the probit analysis model. 
Significant (P<0.01) decreases in mortality were observed 
with the diagnostic dose of cypermethrin (0.0125 ig/larva) 
with the HAR-92 and RRS-JN-92 field-collected colonies with 
Table 2.2. Toxicological responses (LD50 level) of the LSU-LAB colony and field-collected 
colonies to selected insecticides. 
Insecticide 
Number 
tested Slope ! + • SE LD-50a(95% CL) 
Resistance 
Ratio(95% CL)b x2 
LSU-LAB Colony 
Cypermethrin 255 1 . 96 + 0 .26 0.006 (0.002-0.012) 6 . 86 
Profenofos 255 2 .19 + 0 .30 0.052 (0.043-0.065) 2 .35 
Endosulfan 295 2 .19 + 0 .33 0.738 (0.530-1.134) 3 .56 
HAR-92 Colonyc 
Cypermethrin 190 1 .39 + 0 . 21 0.037 (0.017-0.065) 6.69 (4.06-11.01) 6 .35 
Profenofos 60 2 .55 + 0 . 81 0.655 (0.445-1.191) 12 .45 (8.68-17.85) 2 .79 
RRS-JN-92 Colonyc 
Cypermethrin 160 1 . 67 + 0 .31 0.104 (0.074-0.169) 16 .41 (10.20-26.39) 0 .71 
Profenofos 255 2 .48 + 0 .35 0.400 (0.279-0.598) 7.57 (6.32-9.08) 11 .29 
Endosulfan 175 1 .19 + 0 .30 5.648 (3.207-22.248) 7.66 (3 .41-17.19) 1 .02 
a Expressed as fig insecticide/larva. 
b Resistance ratio relative to LSU-LAB colony. 
c See Table 2.1 for explanation of colony abbreviations. 
u> 
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8 and 37% mortality, respectively, compared to 92% mortality 
for the LSU-LAB colony (Figure 2.1) . Application of the 
diagnostic dose selected for profenofos (0.09 /xg/larva) also 
resulted in significantly (P<0.01) lower mortalities for the 
HAR-92 (8%) and RRS-JN-92 (7%) field-collected colonies 
compared to the LSU-LAB colony (82%). Application of the 
diagnostic dose selected for endosulfan (1.0 jug/larva) 
resulted in 28% mortality of the RRS-JN-92 colony, which was 
significantly (P<0.01) lower than the 92% mortality for the 
LSU-LAB colony. 
Topical bioassays. The levels of mortality of the 1992 
field-collected colonies to cypermethrin (0.0125 /xg/larva) 
are given in Figure 2.2. The level of mortality of the LSU-
LAB colony was 92% mortality. Mortalities of the field-
collected colonj.es to cypermethrin ranged from a high of 37% 
by the RRS-JN colony to a low of 4% for the UVL colony. All 
of these colonies had significantly (P<0.01) lower 
mortalities than the LSU-LAB colony. 
The responses of the LSU-LAB colony, the NC-LAB colony 
and 1993 field-collected colonies to cypermethrin are given 
in Figure 2.3. The response of the LSU-LAB colony 
cypermethrin (91% mortality) was not significantly different 
(P=0.052) from that observed for the NC-LAB colony (77% 
mortality). All of the 1993 field-collected colonies 
exhibited very low mortalities to cypermethrin. These 
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Figure 2.1. Responses of the LSU-LAB colony and field-collected colonies to 
selected diagnostic doses of cypermethrin (0.0125 fi g/larva), endosulfan (1.0 
^g/larva) and profenofos (0.09 pig/larva). Mortality significantly different from 
the LSU-LAB colony mortality at P<0.01 (*) , Specific Linear Contrasts (SAS 
Institute 1988). 
Cypermethrin 
Profenofos 
Endosulfan 
^xxv> 
LSU LAB HAR-92 RRS-JN-92 
PERCENT MORTALITY (F, LARVAE) 
92 
\A 
37 
24 
\A 
20 20 
y \A 
16 * * 
10 10 
\A 
8 
// 
/ y 
LSU 
i i 
RRS-JN CHV MR-JN SNK RRS-A CP HRN HAR MR-JL UVL 
Figure 2.2. Responses of the LSU-LAB colony and 1992 field-collected colonies to 
cypermethrin (0.0125 /xg/larva) . Mortality significantly different from the LSU-LAB 
colony mortality at P<0.01 (*), Specific Linear Contrasts (SAS Institute 1988). 
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Figure 2.3. Responses of the LSU-LAB colony, NC-LAB colony and 1993 field-
collected colonies to cypermethrin (0.0125 /xg/larva). Mortality significantly 
different from the LSU-LAB colony mortality at P<0.01 (*) , Specific Linear 
Contrasts (SAS Institute 1988). 
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responses ranged from a high of 16% by the UVL colony to a 
low of 0% mortality by the CR-A and RRS colonies. All of the 
1993 field-collected colonies had significantly (P<.0.01) 
lower mortalities than the LSU-LAB and the NC-LAB colonies. 
Two colonies were collected from Bossier City (RRS-JN 
and RRS-A) and Winnsboro (MR-JN and MR-JL) in 1992 and two 
were collected from Crowville (CR-JL and CR-A) and Winnsboro 
(MR-JN and MR-S) in 1993. The responses of these colonies 
collected from the same area in the same year were compared 
using specific linear contrasts. In 1992, the RRS-JN colony 
exhibited 37% mortality to cypermethrin, which was 
significantly higher (P=0.014) than the RRS-A colony with 16% 
mortality. The 1992 June collection from Winnsboro (MR-JN) 
exhibited 20% mortality to cypermethrin, which was 
significantly higher (P=0.033) than mortality (6%) measured 
for the July collection (MR-JL) . The 1993 MR-JN (June 
collection) colony exhibited only 2% mortality to 
cypermethrin, which was not significantly different (P=1.0) 
from that (2%) of the MR-S (September collection) . The 
mortality of the CR-JL (July collection) was 12% which was 
significantly higher (P=0.009) than that (0%) of the CR-A 
(August collection; colony. 
The responses of the 1992 field-collected colonies to 
profenofos (0.09 /x g/larva) ranged from a high of 26% 
mortality by the MR-JN colony to a low of 2% mortality by the 
HRN colony (Figure 2.4). All responses measured in the field-
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Figure 2.4. Responses of the LSU-LAB colony and 1992 field-collected colonies to 
profenofos (0.09 /xg/larva) . Mortality significantly different from the LSU-LAB 
colony mortality at P<0.01 (*), Specific Linear Contrasts (SAS Institute 1988). 
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collected colonies were significantly (PjcO.Ol) lower than 
that of the LSU-LAB colony (82% mortality). In 1993 the NC-
LAB colony exhibited 92% mortality to profenofos, which was 
significantly higher (P<0.01) than mortalities measured with 
all of the field-collected colonies and significantly higher 
(P=0.02 5) than the LSU-LAB colony (Figure 2.5). The LSU-LAB 
colony had significantly higher mortality (76%; P<0.01) than 
all of the field-collected colonies. All of the other 
colonies exhibited low mortalities to profenofos. The 
mortalities ranged from a high of 22% for the UVL colony to 
a low of 2% for the ALT, MR-S and NRS colonies. 
In 1992, the level of mortality measured in the MR-JN 
field-collected colony (26%) was significantly (P<.0.01) 
higher than that of the MR-JL field-collected colony (10%). 
In 1993, the MR-JN colony exhibited very low mortality (4%) 
to profenofos, which was not significantly different (P=0.56) 
from the 2% mortality by the MR-S colony. The CR-JL colony 
exhibited 18% mortality in response to profenofos, which was 
significantly higher (P=0.02) than the 4% mortality response 
by the CR-A colony. 
Mortalities of the 1992 field-collected colonies to 
methomyl (2.5 ^ tg/larva) ranged from a high of 75% by the RRS-
JN colony to a low of 20% by the UVL colony (Figure 2.6.). 
All of the responses measured in 1992 field-collected 
colonies were significantly (P.<0.01) lower than that of the 
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Figure 2.5. Responses of the LSU-LAB colony, NC-LAB colony and 1993 field-
collected colonies to profenofos (0.09 /xg/larva). Mortality significantly 
different from the LSU-LAB colony mortality at P<_0.01 (*) and P<0.05 (**) , Specific 
Linear Contrasts (SAS Institute 1988). 
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Figure 2.6. Responses of the LSU-LAB colony and 1992 field-collected colonies to 
methomyl (2.5 jixg/larva) . Mortality significantly different from the LSU-LAB colony 
mortality at P<0.01 (*), Specific Linear Contrasts (SAS Institute 1988). 
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LSU-LAB colony (92% mortality). The levels of mortality 
(Figure 2.7) observed in 1993 for the LSU-LAB and NC-LAB 
colonies exposed to methomyl were 97 and 100%, respectively. 
There was no significant difference (P=0.26) between the 
responses of these two colonies. The levels of mortality of 
the 1993 field-collected colonies ranged from a high of 72% 
for the CR-J colony to a low of 6% for the HRN colony. 
However, most of the field-collected colonies in 1992 and 
1993 exhibited levels of mortality greater than 40%. 
The responses of the 1992 MR-JN and MR-JL field-
collected colonies to methomyl were significantly (P<.0.01) 
different with 60% and 28% mortality, respectively. Of the 
two colonies collected from Winnsboro in 1993, the MR-JN 
colony exhibited the lowest level of mortality (18%), which 
was significantly lower (P=0.02) than the 38% mortality 
response of the MR-S colony. The highest level of mortality 
for the colonies collected from Crowville in 1993 was 
observed for the CR-JL colony (72%) which was significantly 
higher (P=0.01) than the response of the CR-A (48%) colony. 
The responses of the 1992 colonies to a diagnostic dose 
of endosulfan (1.0 jxg/larvae) are presented in Figure 2.8. 
The response by the LSU-LAB colony in 1992 was 92% mortality. 
All of the field-collected colonies exhibited significantly 
(P<0.01) lower mortalities compared to that for the LSU-LAB 
colony. The levels of mortality of the 1992 field-collected 
colonies ranged from a high of 28% by the RRS-JN colony to a 
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Figure 2.7. Responses of the LSU-LAB colony, NC-LAB colony and 1993 field-
collected colonies to methomyl (2.5 /xg/larva). Mortality significantly different 
from the LSU-LAB colony mortality at P<.0.01 (*) , Specific Linear Contrasts (SAS 
Institute 1988). 
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Figure 2.8. Responses of the LSU-LAB colony and 1992 field-collected colonies to 
endosulfan (1.0 jig/larva). Mortality significantly different from the LSU-LAB 
colony mortality at P<0.01 (*), Specific Linear Contrasts (SAS Institute 1988). 
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low of 2% by the HRN colony. In 1993, no significant 
(P=0.22) difference was observed between the levels of 
mortality of the LSU-LAB (82%) and NC-LAB colonies (92%) to 
endosulfan (Figure 2.9). All of the 1993 field-collected 
colonies exhibited significantly (P<0.01) lower levels of 
mortality than the LSU-LAB and NC-LAB colonies. The highest 
level of mortality of the field-collected colonies was 20% by 
the CR-A colony and the lowest level of mortality to 
endosulfan (2%) were observed for the HRN and NAT colonies. 
No significant differences were observed between the levels 
of mortality of the two colonies collected in 1992 from Macon 
Ridge (P=0.77), 1993 from Macon Ridge (P=0.50) or 1993 from 
Crowville (P=0.42) in their responses to endosulfan. 
Diet bioassays. The results of the diet bioassays with 
thiodicarb are presented in Figure 2.10. The 98% mortality 
for the NC-LAB colony was significantly (P<0.01) higher than 
that observed with the LSU-LAB colony (84% mortality). The 
LSU-LAB colony's response to the diagnostic dose of 
thiodicarb was not significantly (P=0.06) different from that 
of the ALT field-collected colony response (70%). The LSU-
LAB colony exhibited a significantly (P<.0.01) higher 
mortality than the remainder of the field-collected colonies. 
However, most of the field-collected colonies exhibited 
mortalities of 30% or higher except for the MR-S (20%) and 
UVL (16%) colonies. The CR-JL colony mortality (62%) was 
significantly (P<0.01) higher than the CR-A colony mortality 
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Figure 2.9. Responses of the LSU-LAB colony, NC-LAB colony and 1993 field-
collected colonies to endosulfan (1.0 /xg/larva). Mortality significantly different 
from the LSU-LAB colony mortality at P<_0.01 (*) , Specific Linear Contrasts (SAS 
Institute 1988). 
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Figure 2.10. Responses of the LSU-LAB colony, NC-LAB colony and 1993 field 
collected colonies to thiodicarb (100 /il of a 2500 PPM solution/30 ml cup) 
Mortality significantly different from the LSU-LAB colony mortality at P<0.01 (*) 
Specific Linear Contrasts (SAS Institute 1988). 
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(32%). The MR-JN colony (48%) exhibited significantly 
(P<_0.01) higher mortality than the MR-S colony (20%) . 
Discussion 
Diagnostic dose. The data demonstrate the usefulness of 
the diagnostic dose bioassay to distinguish between resistant 
and susceptible tobacco budworm colonies. Insecticide 
resistance was detected by both bioassay techniques (dose-
mortality and diagnostic dose) in the RRS-JN-92 and HAR-92 
field collected colonies to cypermethrin, profenofos or 
endosulfan when compared to the LSU-LAB reference colony. 
The use of the LD80_90 as compared to the LD95_99 as a 
discriminating dose maximizes the sensitivity of this test to 
detect resistance (McCutchen et al. 1989, Halliday & Burnham 
1990) . The use of a single diagnostic dose facilitates 
testing of field-collected colonies to several classes of 
insecticides soon after colony establishment, by reducing the 
number of individuals required to detect resistance (Roush 
and Miller 1986) . Diagnostic dose bioassays for several 
insecticides can generally be completed within the first 
laboratory generation of field-collected colonies. This 
early testing, compared to multiple dose-mortality tests that 
may require several generations and greater expense, gives a 
clear indication of the presence of resistance levels before 
reversion toward susceptibility occurs in these field-
collected colonies 'Elzen et al. 1992b) . The results of 
these tests demonstrate that a topically applied diagnostic 
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dose can be used to efficiently detect insecticide resistance 
in tobacco budworm. 
Topical bioassays. These results confirm that high 
levels of resistance to cypermethrin, profenofos and methomyl 
continue to be present in tobacco budworm populations from 
Louisiana and Texas as previously reported (Plapp and 
Campanhola 1986, Leonard et al. 1987, Plapp et al. 1987, 
Allen et al. 1987, Leonard et al. 1991, Elzen et al. 1992a, 
Martin et al. 1992). Based on topical bioassays with a full 
range of doses, no endosulfan resistance was apparent in 1991 
field-collected colonies (Chapter 1) . However, endosulfan 
resistance was demonstrated in these same colonies using a 
spray chamber bioassay (Martin et al. 1992) . Resistance to 
endosulfan was detected in field-collected colonies in 1992 
with both complete dose-mortality lines and diagnostic dose 
bioassays and in 1993 using the diagnostic dose bioassay. 
These data confirm those from previous studies using other 
bioassay techniques indicating endosulfan resistance in 
tobacco budworm (Elzen et al. 1993, Kanga et al. 1993, Graves 
et al. 1994) . These data also suggest that resistance levels 
are increasing to the pyrethroid insecticides because the 
mortalities of the 1993 field-collected colonies to 
cypermethrin are generally lower than those of the 1992 
field-collected colonies. Increasing resistance levels to 
cypermethrin also were observed in adult vial tests conducted 
in Louisiana in 1993 (Graves et al. 1994) . Based on the 
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results of this study, resistance levels to the carbamate, 
cyclodiene and organophosphorus insecticides also seem to be 
increasing. 
High levels of resistance to cyclodiene, 
organophosphorus and pyrethroid insecticides were documented 
in the 1993 ALT colony from Altus, Oklahoma. Lower levels of 
resistance were observed in the ALT colony for the carbamate 
insecticide methomyl compared to the other classes of 
insecticides. This is the first documentation of resistance 
to these four classes of insecticides in larvae from an 
Oklahoma population, although pyrethroid resistance in adults 
has been documented using the adult vial bioassay (Plapp et 
al. 1990). 
The NC-LAB colony was included in 1993 to validate the 
susceptibility of the LSU-LAB colony and the bioassay 
procedure. Data obtained using the NC-LAB colony confirm 
that the LSU-LAB colony remains "susceptible" to all classes 
of insecticides although it was significantly less 
susceptible to profenofos and thiodicarb compared to the NC-
LAB colony. 
Recent studies on seasonal aspects of insecticide 
resistance demonstrate increasing insecticide resistance 
levels for these four insecticide classes in tobacco budworm 
populations collected from the same location throughout the 
cotton growing season (Elzen et al. 1993). Comparisons 
between the responses of 1992 and 1993 field-collected 
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colonies from the same location but collected at different 
times during the growing season (MR-JN-92 versus MR-JL-92, 
RRS-JN-92 versus RRS-A-92, CR-JL-93 versus CR-A-93 and MR-JN-
93 versus MR-S-93) demonstrate that resistance generally 
increases for all insecticides as the season progresses and 
as more insecticide application become more frequent. These 
data confirm results from previous studies indicating that 
early season insecticide use patterns by cotton growers can 
have a substantial impact on the susceptibility of tobacco 
budworm populations during the late season. 
Diet bioassays. Levels of mortality measured in the 
thiodicarb diet bioassay were generally similar to those 
observed for methomy1 in the topical bioassays. However, 
some differences in the responses of individual colonies to 
thiodicarb and methomyl did occur. The UVL colony exhibited 
r 
the lowest level of mortality (6%) with thiodicarb but had 
the second highest level of mortality (64%) with methomyl. 
Conversely, in tests with the MR-JN levels of mortality 
measured were relatively low (18%) with methomyl but 
relatively high with thiodicarb (48%) . The reasons for these 
differences in the bioassay results of colonies tested with 
these closely related carbamate compounds may be the varying 
levels of metabolic resistance detected in these colonies 
(Vinatier et al. 1992, Younis et al. 1994). 
The current insecticide resistance management (IRM) plan 
for the Mid-South relies on the alternation of carbamate, 
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organophosphorus and pyrethroid insecticides during different 
stages of the cotton growing season (Leonard et al. 1994). 
These data demonstrate that resistance is present in tobacco 
budworm populations to all of these classes of insecticides. 
Additionally, the data indicate that resistance to a class of 
insecticides increases rapidly after tobacco budworm 
populations have been exposed to that class. The results do 
not indicate that a different insecticide use strategy will 
be more effective than the current IRM plan. 
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CHAPTER 3 
THE EFFECTS OF SELECTED SYNERGISTS 
ON INSECTICIDE RESISTANCE IN TOBACCO BUDWORM 
(LEPIDOPTERA: NOCTUIDAE) IN LABORATORY AND FIELD STUDIES 
Introduction 
The cost of insecticide resistance by the tobacco 
budworm, Heliothis virescens (F.), is becoming a limiting 
factor in some cotton production areas of the Mid-South. 
Multiple resistance to the three major classes of 
insecticides currently used for tobacco budworm control have 
been documented in several Mid-South tobacco budworm 
populations (Leonard et al. 1991, Elzen et al. 1992, Martin 
et al. 1992, Elzen et al. 1993, Kanga et al. 1994, Martin et 
al. 19 94) . Research and extension entomologists have 
responded to the changing spectrum of resistance in tobacco 
budworm by converting the initial pyrethroid resistance 
management plan (Anonymous 1986) into a more comprehensive 
insecticide resistance management (IRM) plan (Baldwin & 
Graves 1991; Leonard et al. 1993, 1994a) . The purpose of the 
IRM plan is to delay widespread development of insecticide 
resistance by tobacco budworm and reduce the probability of 
severe yield loss due to this pest. Basic assumptions of the 
IRM plan include the absence of cross-resistance and lack of 
similarity in resistance mechanisms in tobacco budworm to the 
three classes of insecticides (Leonard et al. 1994b). 
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Physiological resistance to the pyrethroid insecticides 
by the tobacco budworm is known to be multifactorial and 
involves delayed toxicant penetration, increased metabolism 
and target site insensitivity (Nicholson & Miller 1985, 
McCaffery et al. 1989, Ottea et al. 1993, Younis et al. 
1994) . Although available evidence indicates that the major 
mechanism of pyrethroid resistance in tobacco budworm is 
target site insensitivity, metabolism by the mixed-function 
oxidase (MFO) system has been confirmed using the MFO 
inhibitor piperonyl butoxide (PBO) (McCaffery et. al. 1989). 
In Australia mixed function oxidases (MFO) are primarily 
responsible for pyrethroid resistance in a closely related 
species, Helicoverpa armigera (Hubner) (Forrester 1989) . 
Preliminary trials in Louisiana with the synergists PBO and 
butifos (DEF) suggest that both oxidative and esteratic 
resistance mechanisms may be involved in the expression of 
pyrethroid resistance in tobacco budworm moths (Graves et al. 
1991) . 
Synergists, applied in sublethal amounts, increase the 
lethality of insecticides by inhibiting insecticide 
detoxifying enzymes. This enables synergists to be used as 
tools for elucidating resistance mechanisms and overcoming 
metabolic resistance because they can directly inhibit 
various resistance mechanisms (Raffa & Priester 1985). 
Synergists may also affect penetration of toxicants into 
insects and other living organisms (Brooks 1989). 
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The first objective of this study was to determine the 
effect of pretreatment of the synergist, PBO, on penetration 
of cypermethrin in tobacco budworm larvae. Secondly, 
triphenyl phosphate (TPP), which inhibits carboxyesterases 
(Plapp et al. 1963), diethyl maleate (DEM), which inhibits 
glutathione S-transferases (Motoyama & Dauterman 1974) and 
PBO, which inhibits MFOs (Casida 1970) were tested to 
determine if metabolic resistance to the carbamate, 
organophosphorus and pyrethroid insecticides is present in 
tobacco budworm populations from Louisiana, Oklahoma and 
Texas. A field trial was also conducted to evaluate the 
effect of PBO on the efficacy of cypermethrin against the 
bollworm, Helicoverpa zea (Boddie), and tobacco budworm in 
cotton. 
Materials and Methods 
Insects. Colonies of tobacco budworm were established 
by collecting eggs or larvae at several locations in 
Louisiana, Oklahoma and Texas (Table 3.1). All of the field 
colonies were collected from cotton with the exception of the 
MR-JN-92 and MR-JN-93 colonies, which were collected from 
velvetleaf, Abutilon theophrasti Medicus. The North Carolina 
laboratory reference colony (NC) has been reared in the 
laboratory without exposure to insecticides since 1984. The 
66 
Table 3.1. Location and date of field collections of tobacco 
budworm colonies during 1992 and 1993. 
Colony Location Collection Date 
1992 
CHV-92 Cheneyville, LA 14 Aug 
CP- 92 Cooter Point, LA 31 Jul 
HAR-92 Harlingen, TX 12 Jul 
HRN-92 Hearne, TX 19 Aug 
MR-JN-92 Winnsboro, LA 19 Jun 
MR-JL-92 Winnsboro, LA 21 Jul 
RRS-JN-92 Bossier City, LA 19 Jun 
RRS-A-92 Bossier City, LA 21 Aug 
SNK-92 Snook, TX 17 Aug 
UVL-92 Uvalde, TX 19 Aug 
1993 
ALT-93 Altus, OK 24 & 25 Aug 
CHV-93 Cheneyville, LA 23 Jul 
CR-JL-93 Crowville, LA 22 Jul 
CR-A-93 Crowville, LA 11 & 12 Aug 
HRN-93 Hearne, TX 13 & 14 Aug 
MR-JN-93 Winnsboro, LA 17 & 18 Jun 
MR-S- 9 3 Winnsboro, LA 15 & 16 Sep 
NAT-93 Natchez, LA 20 Jul 
NRS-93 St. Joseph, LA 13 Aug 
RRS-93 Bossier City, LA 11 Aug 
UVL-93 Uvalde, TX 29 Aug 
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Louisiana State University laboratory reference colony (LSU-
LAB) of tobacco budworm was originally established in 1977 by 
collections from cotton fields in Louisiana (Leonard et al. 
1988) . This colony has been in continuous culture without 
exposure to insecticides since its introduction into the 
laboratory. 
All of the laboratory and field colonies were reared in 
a similar manner. Adults were maintained in 3.7 liter 
cardboard cartons covered with cotton gauze as an oviposition 
substrate and were fed a 10% sugar water solution. Rearing 
conditions were maintained at approximately 27+3°C, 55-65% 
RH, under a 14L:10D photoperiod. Eggs were removed at least 
every other day and allowed to hatch at room temperature. 
Larvae were reared on a pinto bean and wheat germ diet 
according to procedures described by Leonard et al. (1988). 
Insecticides. Technical-grade samples of cypermethrin 
(FMC Corporation, Middleport, NY), 14C-cypermethrin (Zeneca, 
Jealott's Hill Research Station, Bracknell Berks, UK), 
profenofos (CIBA, Greensboro, NC) , and methomyl (E.I. Dupont 
de Nemours and Company, Wilmington, DE), were obtained from 
the manufacturers for the topical bioassays. Technical 
materials were diluted to a 1% stock solution and 
refrigerated until needed. A formulated sample of thiodicarb 
(Rhone-Poulenc Ag. Company, Research Triangle Park, NC) was 
obtained from the manufacturer for the diet bioassays. 
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The synergists tested were technical-grade diethyl 
maleate (DEM) (Aldrich Chemical Company, Inc., Milwaukee, 
WI), piperonyl butoxide (PBO) (Chem Service, West Chester, 
PA) and triphenylphosphate (TPP) (Aldrich Chemical Company, 
Inc., Milwaukee, WI) . 
The formulated insecticides that were used in the field 
trial included cypermethrin (Ammo 2.5 emulsifiable 
concentrate [EC]; FMC Corporation, Philadelphia, PA) and PBO 
(Butacide 8 [EC] ; Fairfield American Corporation, Rutherford, 
NJ) . 
Penetration study. Fifth instar larvae of the LSU 
reference colony were used to test the effect of PBO on the 
penetration of 14C-cypermethrin using a technique similar to 
that of Ottea et al. (1993). Larvae were pretreated on the 
dorsal surface of the thorax with 1 [il aliquots of either 
acetone alone as a control or serial dilutions of PBO diluted 
in acetone. Thirty minutes later the larvae were treated on 
the dorsal surface of the thorax with 0.0167 /ig of 14C-
cypermethrin in a 1 ^1 aliquot. Treated larvae were placed 
in 30 ml Jetware® cups (one per cup) and held at 27±3°C , 55-
65% RH, under a 14L:10D photoperiod for 24 hours. 
Unpenetrated 14C-cypermethrin was determined by placing 
surviving larvae in culture tubes (13X100 mm) containing 3 
mis of acetone. The tubes were shaken briefly to rinse the 
unpenetrated 14C-cypermethrin from the exterior of the larvae. 
The acetone was dried to approximately 3 0 /x 1 under vacuum in 
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a table top centrifuge. Unpenetrated 14C-cypermethrin was 
then quantified by liquid scintillation counting in 3 mis of 
scintillation cocktail (Liquiscint®, National Diagnostics, 
Manville, NJ) using a Beckman LS 7500 scintillation counter. 
Topical bioassays. Topical bioassay procedures used 
were similar to those outlined in the E.S.A. standard test 
method for determining relative susceptibility levels in 
Heliothis spp. (Anonymous 1970) . Exceptions were that third 
instar larvae weighing 20+5 mg were used, as is now generally 
accepted (Mullins and Pieters 1982) and a previously 
determined discriminating dose was used for each insecticide 
instead of a series of doses. Prior to treatment, larvae 
were removed from stock colonies and placed on fresh diet. 
Insects were treated on the dorsal surface of the thorax with 
1 jul aliquots of acetone alone (control) or the previously 
determined discriminating dose of a technical grade 
insecticide dissolved in acetone. In synergist bioassays, 
larvae were pretreated with 2 0 ng of the appropriate 
synergist on the dorsal surface of the abdomen directly over 
the prolegs thirty minutes prior to the application of the 
insecticide. Fifty larvae from the first laboratory 
generation of each field-collected colony were treated. 
After treatment, the larvae were held at 27+3°C, 55-65% RH, 
under a 14L:10D photoperiod and mortality was determined 
after 72 hours. The criterion for mortality was inability of 
a larva to change position within 15 seconds after being 
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prodded with a blunt probe. Control mortality was never 
greater than 5%; data were corrected using Abbott's (1925) 
formula. The responses of the laboratory reference colonies 
and field colonies were subjected to categorical data 
modeling and comparisons made using specific linear contrasts 
(SAS 1988). 
Diet bioassays, The diet bioassays were performed by 
applying 100 fil of a 2500 PPM thiodicarb aqueous solution to 
the surface, of the pinto bean and wheat germ diet in a 3 0 ml 
(1 oz) Jetware® cup. The diet surface then was allowed to 
dry. Third instar larvae weighing 2 0±5 mg were removed from 
stock colonies and placed on diet that had been pretreated 
with the diagnostic dose of thiodicarb (one per cup). In PBO 
bioassays, larvae were pretreated with 20 /xg of PBO on the 
dorsal surface of the abdomen directly over the prolegs 
thirty minutes prior to being placed on the diet pretreated 
with thiodicarb. Fifty larvae from the first laboratory 
generation of each field-collected colony were treated. 
After treatment, the larvae were held at 27±3°C, 55-65% RH, 
under a 14L:10D photoperiod and mortality was determined 
after 72 h. The criterion for mortality was inability of a 
larva to change position within 15 seconds after being 
prodded with a blunt probe. Control mortality was never 
greater than 5%; data were corrected using Abbott's (1925) 
formula. The responses of the laboratory reference colonies 
and field colonies were subjected to categorical data 
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modeling and comparisons made using specific linear contrasts 
(SAS 1988). 
PBO rate study (field) . PBO was evaluated for its 
effect on the control of bollworm/tobacco budworm with 
cypermethrin at the Macon Ridge Branch of the Northeast 
Research Station near Winnsboro, LA. in 1993. The experiment 
consisted of a randomized block design with 4 replications of 
Stoneville 453 cotton planted 1 July in plots consisting of 
3 rows (1.02 m centers) by 9.1m. The test was treated on 2, 
6 and 10 September. All treatments were applied with a 
tractor mounted boom and a compressed air delivery system 
calibrated to deliver 56.1 liters/ha at 2.1 kg/cm2 through 
two TX-8 nozzles equally spaced per row. Treatments were 
evaluated on 6, 10 and 12 September by visually examining 50 
randomly picked squares per plot for damage and live 
bollworm/tobacco budworm larvae. All variables were 
subjected to analysis of variance and comparisons made using 
Duncan's multiple range test (SAS 1988). The plots received 
0.4 cm of rainfall on 12 September and 1.3 cm rainfall on 13 
September. 
Results 
Penetration study. Levels of mortality measured in the 
LSU-LAB colony ranged from a low of 11% for larvae treated 
with 14C-cypermethrin alone to a high of 30% for larvae 
pretreated with 3.13 fig of PBO (Figure 3.1) . However, there 
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Figure 3.1. Mortality responses of LSU-LAB colony (5th instar) to 14C-
cypermethrin (0.0167 /ig/larva) alone and in combination with varying rates of 
PBO. 
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was no significant differences in the mortality observed 
among PBO treatments (0 to 100 /xg/larva) . 
The lowest level of unpenetrated 14C-cypermethrin (13.6%) 
was observed with the 0.334 fxg PBO treatment (Figure 3.2) . 
No significant differences were observed in the amount of 
unpenetrated 14C-cypermethrin among the control, 0.334 and 
1.563 ^tg PBO treatments. Treatments of PBO at 3.13 fig or 
higher resulted in significant increases in unpenetrated 14C-
cypermethrin compared to the untreated control. The highest 
level of unpenetrated 14C-cypermethrin (67.5%) was observed 
with the 100 fig PBO treatment. 
Topical bioassays. The responses of all 1992 field-
collected colonies, with and without pretreatment of 20 
Hg/larva of DEM, PBO or TPP, to diagnostic doses of 
cypermethrin and profenofos are presented in Table 3.2. No 
significant differences in mortality were observed in any of 
the colonies treated with DEM prior to the application of 
either cypermethrin or profenofos. Significantly higher 
mortalities to cypermethrin were observed for five field-
collected (HAR, MRS-JN, MRS-JL, SNK AND UVL) colonies after 
pretreatment with PBO (Table 3.2 and Figure 3.3) . The 
largest increase in mortality was 34% by both HAR and MRS-JL 
field-collected colonies and the smallest increase in 
mortality was 12% by the UVL colony. A significant decrease 
in mortality to profenofos was observed for the CHV field-
collected colony after pretreatment with PBO (Table 3.2). 
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Figure 3.2. Percent unpenetrated 14C-cypermethrin on tobacco budworm 5th instar 
larvae pretreated with varying rates of PBO. 
(*), ANOVA, DMRT (SAS Institute 1988] 
Significantly different at P<0.05 
Table 3.2. Mortality responses of the LSU-LAB colony and 1992 field-collected tobacco 
budworm colonies to a diagnostic dose of cypermethrin or profenofos alone and in combination 
with selected synergists. 
Cyperme thrin2 Profenofos3 
Colonv1 Alone DEM PBO TPP Alone DEM PBO TPP 
LSU 92 98 92 92 82 — 80 — 
CHV 24 12 24 8* 18 - - 0*x 12 
HAR 8 10 42** 4 8 14 8 12 
HRN 10 18 3 2 
MRS-JN 20 12 44** 14 26 - -
MRS-JL 6  40** 10 
RRS-J 3 7  44 7 
SNK 20 24 40* 4* 20 12 14 4* 
UVL 4 16* 8 
1 See Table IV.1. for explanation of colony abbreviations. 
2 Diagnostic dose of cypermethrin is 0.0125 pig/larva. 
3 Diagnostic dose of profenofos is 0.09 /xg/larva. 
* Indicates significant difference in the colony's response to an insecticide alone 
compared to the insecticide/synergist combination (P<0.05, Specific Linear Contrasts, 
SAS Institute). 
** Indicates significant difference in the colony's response to an insecticide alone 
compared to the insecticide/synergist combination (P<0.01, Specific Linear Contrasts, 
SAS Institute). 
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Figure 3.3. Responses of tobacco budworm colonies to cypermethrin (CY) alone 
compared to a combination of cypermethrin and PBO (CY+PBO) in 1992. Mortality 
within a colony significantly different at P<.0.05 (*) or P<0.01 (**) , Specific 
Linear Contrasts (SAS Institute 1988). 
CY+PBO 
LSU CHV HAR HRN MR-JN MR-JL RRS-J SNK UVL 
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Significant decreases in mortality were observed with 
cypermethrin (CHV and SNK) and profenofos (SNK) after 
pretreatment with TPP. 
Significant increases in mortality to cypermethrin were 
observed in four of the 1993 field-collected colonies (ALT, 
CR-J, CR-A and MR-J) after pretreatment with PBO (Figure 
3.4) . The most significant increase in mortality to 
cypermethrin by the field-collected colonies was 40% and 
occurred in the CR-J colony. The smallest significant 
increase in mortality (10%) was measured with the CR-A 
colony. A significant increase in mortality to cypermethrin 
was also observed for the NC laboratory reference colony 
after pretreatment with PBO. 
Significant decreases in mortality were observed for 
both laboratory reference colonies to profenofos when 
pretreated with PBO (Figure 3.5). Two 1993 field-collected 
colonies (ALT and CR-A) exhibited significant increases in 
mortality with the profenofos after pretreatment with PBO. 
The CR-A colony exhibited the highest significant increase 
(64%) following the PBO pretreatment. 
Three of the 1993 field-collected colonies (HRN, MR-J 
and MR-S) exhibited significant increases in mortality to 
methomyl after pretreatment with PBO (Figure 3.6) . The 
highest significant increase in mortality (38%) occurred for 
the HRN colony. The lowest significant increase in mortality 
was by the MR-J colony with a 26% increase in mortality. 
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Figure 3.4. Responses of tobacco budworm colonies to cypermethrin (CY) alone 
compared to a combination of cypermethrin and PBO (CY+PBO) in 1993. Mortality 
within a colony significantly different at P<.0.05 (*) or P<0.01 (**) , Specific 
Linear Contrasts (SAS Institute 1988). 
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Figure 3.5. Responses of tobacco budworm colonies to profenofos (PR) alone 
compared to a combination of profenofos and PBO (PR+PBO) in 1993. Mortality 
within a colony significantly different at P<0.05 (*) or P<0.01 (**) , Specific 
Linear Contrasts (SAS Institute 1988). 
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Figure 3.6. Responses of tobacco budworm colonies to methomyl (METH) alone 
compared to a combination of methomyl and PBO (METH+PBO) in 1993. Mortality 
within a colony significantly different at P<0.05 (*) or P<0.01 (**) , Specific 
Linear Contrasts (SAS Institute 1988). 
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Diet bioassays. The results of the thiodicarb diet 
bioassays with and without pretreatment with PBO are 
presented in Figure 3.7. Significant decreases in mortality 
were observed for the ALT and HRN colonies with the PBO 
treatment compared to thiodicarb alone. Two field-collected 
colonies (MR-J and NRS) exhibited significant increases in 
mortality with the PBO treatment compared to thiodicarb 
alone. The largest increase in mortality was 26% by the NRS 
field-collected colony. 
PBO rate study (field). No significant differences 
among treatments in bollworm/tobacco budworm (primarily 
tobacco budworm) damaged squares were observed until after 
the second application of the treatments (Table 3.3). 
Significant reductions in bollworm/tobacco budworm damaged 
squares were observed for the 0.09 kg(ai)/ha cypermethrin + 
0.56 kg(ai)/ha PBO, 0.09 kg(ai)/ha cypermethrin + 1.12 
kg(ai)/ha PBO and 0.09 kg(ai)/ha cypermethrin + 2.25 
kg(ai)/ha PBO compared to the untreated control (UTC) and the 
2.25 kg(ai)/ha PBO treatment. The 0.09 kg(ai)/ha 
cypermethrin + 1.12 kg(ai)/ha PBO treatment was the only 
cypermethrin/PBO combination to cause significantly lower 
bollworm/tobacco budworm damaged squares than cypermethrin 
alone. On the last observation date, all of the treatments 
containing 0.09 kg(ai)/ha cypermethrin were significantly 
different from the UTC and the PBO alone treatments. 
However, no significant differences were observed among any 
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Figure 3.7. Responses of tobacco budworm colonies to thiodicarb (TH) alone 
compared to a combination of thiodicarb and PBO (TH+PBO) in 1993. Mortality 
within a colony significantly different at P<0.05 (*) or P<0.01 (**), Specific 
Linear Contrasts (SAS Institute 1988) . 
PERCENT MORTALITY (Fn LARVAE) 
/ 
/// 
// / 
** 
TH 
TH+PBO 
LSU ALT CR-J 
** 
HRN MR-J 
** 
NC NRS 
Table 3.3. Effects of PBO oil cypermethrin efficacy against bollworm/tobacco budworm 
(BW/TBW), 1993. 
BW/TBW damaqe/50 squares 
Rate 
Treatment/form. kg(ai)/ha 6 Sep 10 Sep 16 Sep 
Trial 
Mean 
PBO 2 .25 12.0 a 19.8 a 17.8 a 16.5 a 
Cypermethrin 0 . 09 11. 0 a 13.5 bed 11. 0 b 11.8 c 
PBO + 
Cypermethrin 
0.28 + 
0.09 
9.3 a 16.0 abc 12.3 b 12.5 be 
PBO + 
Cypermethrin 
0.56 + 
0 . 09 
8.3 a 12.0 cd 11.3 b 10.5 c 
PBO + 
Cypermethrin 
1.12 + 
0 . 09 
8.8 a 6.8 e 11.5 b 9.0 c 
PBO + 
Cypermethrin 
2.25 + 
0 . 09 
11.3 a 10.3 de 9.0 b 10.2 c 
Untreated 9.3 a 18.0 ab 20.3 a 15.8 ab 
P>F (Anova) (0.28) (<0.01) (<0.01) (<0.01) 
Means within a column followed by the same letter do not differ significantly (P=0.05 
DMRT). 
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of the treatments containing cypermethrin. Across all sample 
dates, except for the 0.09 kg(ai)/ha cypermethrin + 0.28 
kg(ai)/ha PBO treatment, all of the treatments containing 
cypermethrin were significantly different from the UTC and 
the PBO alone treatments. The 0.09 kg(ai)/ha cypermethrin + 
0.2 8 kg(ai)/ha PBO treatment was significantly lower than the 
2.25 kg(ai)/ha PBO treatment. Across all sample dates, no 
significant differences were observed among any of the 
treatments containing cypermethrin. 
No significant differences among treatments in numbers 
of bollworm/tobacco budworm (primarily tobacco budworm) live 
larvae were observed until after the second application of 
the treatments (Table 3.4). On the second evaluation date, 
significantly fewer live bollworm/tobacco budworm larvae were 
observed for the 0.09 kg(ai)/ha cypermethrin +1.12 kg(ai)/ha 
PBO and 0.0 9 kg(ai)/ha cypermethrin + 2.25 kg(ai)/ha PBO 
treatments compared to the untreated control, 2.2 5 kg(ai)/ha 
PBO and 0.09 kg(ai)/ha cypermethrin treatments. On the last 
observation date, all treatments containing 0.09 kg(ai)/ha 
cypermethrin had significantly less live bollworm/tobacco 
budworm larvae compared to the UTC and the 2.25 kg(ai)/ha PBO 
treatment. Across all treatment dates, only the 0.09 
kg(ai)/ha cypermethrin + 1.12 kg(ai)/ha PBO treatment 
significantly reduced the numbers of live bollworm/tobacco 
budworm larvae below that in the UTC, 2.25 kg(ai)/ha PBO and 
0.09 kg(ai)/ha cypermethrin treatments. 
Table 3.4. Effects of PBO on cypermethrin efficacy against bollworm/tobacco budworm 
(BW/TBW) , 1993 . 
BW/TBW larvae/50 squares 
Treatment/form. 
Rate 
kg(ai)/ha 6 Sep 10 Sep 16 Sep 
Trial 
Mean 
PBO 2 .25 7.0 a 10.3 a 7.3 a 8.2 a 
Cypermethrin 0 . 09 5.0 a 9.5 a 4.3 b 6.3 ab 
PBO + 
Cypermethrin 
0.28 + 
0.09 
5.3 a 11.0 a 4.3 b 6.8 ab 
PBO + 
Cypermethrin 
0 . 56 + 
0 . 09 
3.3 a 7.5 ab 3.8 b 4.8 be 
PBO + 
Cypermethrin 
1.12 + 
0.09 
2.0 a 4.5 b 4.0 b 3.5 c 
PBO + 
Cypermethrin 
2.25 + 
0.09 
4.5 a 5.0 b 4.5 b 4.7 be 
Untreated 6.0 a 10.0 a 8.0 a 8.0 a 
P>F (Anova) (0.06) (<0.01) (0.02) (<0.01) 
Means within a column followed by the same letter do not differ significantly (P=0.05 
DMRT). 
00 
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Although it was not significant, a trend toward 
decreasing square damage and numbers of live larvae with the 
increasing rate of PBO in the cypermethrin + PBO combinations 
was observed. However the highest rate of PBO, 2.25 
kg(ai)/ha, combined with cypermethrin resulted in a slight 
(but insignificant) increase in square damage and live larvae 
compared to the 1.12 kg(ai)/ha rate of PBO combined with 
cypermethrin. 
Discussion 
Penetration study. Although PBO has been shown to 
increase the penetration of some insecticides (Brooks 1989}, 
in this study significant increases in the amount of 
unpenetrated 14C-cyparmethrin occurred in larvae pretreated 
with low levels (3.13 ftg/larva) of PBO. Increases in the 
amount of unpenetrated 14C-cypermethrin are likely the result 
of applying PBO and 14C-cypermethrin at the same site even 
though 30 minutes lapsed between applications. Significant 
reductions in the penetration of 14C-cypermethrin did not 
result in a significant effect on mortality. The lack of 
change in mortality is probably due to the relatively low 
dose of 14C-cypermethrin and the susceptibility of the LSU-LAB 
colony . 
In light of these results, synergist bioassays with 
field-collected colonies were conducted by applying the 
synergist and insecticide at different locations on the 
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dorsal surface of the insect to prevent reductions in 
insecticide penetration. Also, these data suggest that PBO's 
effects on penetration could limit its value for insecticide 
synergism under field conditions. 
Topical and diet bioassays. Early research on 
resistance mechanisms in the tobacco budworm indicated that 
resistance was primarily due to a "kdr-type" nerve 
insensitivity (McCaffery et al. 1989) . However evidence for 
metabolic resistance exists (Clower et al. 1992, Elzen et al. 
1993, Graves et al. 1991, McCaffery et al. 1991, Nicholson 
and Miller 1985). No synergism was observed with either DEM 
or TPP indicating that neither carboxyesterases nor 
glutathione S-transferases have an important role in the 
resistance mechanisms to the pyrethroid or organophosphorus 
insecticides in these populations of tobacco budworm. 
PBO synergism of pyrethroid insecticides in resistant 
tobacco budworm larvae was reported by McCaffery et al. 
(1991) in colonies that had undergone laboratory selection 
with cypermethrin. Field-collected colonies from Texas 
tested in that same study did not exhibit significant changes 
in LC50S to cypermethrin after treatment with PBO. Similarly, 
Clower et al. (1992) reported that PBO had little positive 
effect on pyrethroid toxicity in field-collected colonies 
from Louisiana, Mississippi and Texas. Cypermethrin 
synergism by PBO in this study indicates that the MFOs are a 
measurable component cf the resistance to the pyrethroid 
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insecticides in some populations of tobacco budworm collected 
during 1992 and 1993 in Louisiana, Oklahoma and Texas. 
Further evidence of increased metabolism in some of these 
same Louisiana field-collected colonies was obtained using 
pharmacokinetic assays (Younis et al. 1994) . Nerve 
insensitivity still clearly accounts for a large part of the 
resistance in these populations because mortality after PBO 
synergism remained well below that observed for the LSU-LAB 
colony. Younis et al. (1994) also found reduced levels of 
neuronal sensitivity in some of these same populations. 
Synergist bioassays with the organophosphorus 
insecticide profenofos resulted in significant decreases in 
mortality with both the LSU and NC laboratory reference 
colonies and one field-collected colony tested in 1992. 
Decreases in mortality probably occurred from PBO inhibition 
of the MFOs and resulted in reduced oxidative desulfuration 
of profenofos, which is required for activation of 
profenofos. Synergism of profenofos was observed in two 
field-collected colonies in 1993 and a 64% increase in 
mortality was observed for one of these colonies. These 
significant increases in mortality indicate that MFOs may be 
a component of the resistance mechanism to the 
organophosphorus insecticides in some populations of tobacco 
budworm. Results of studies which tested the sensitivity of 
acetylcholinesterase to paraoxon using larvae of these same 
colonies, indicated no significant differences between these 
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field-collected colonies compared to the LSU-LAB colony 
(Sanaa Ibrahim, Department of Entomology, LSU Agricultural 
Center, unpublished data). Also, Vinatier et al. (1992) 
reported that a colony of tobacco budworm originally 
collected near Hebert, LA was able to metabolize and/or 
excrete thiodicarb better than susceptible larvae. They also 
stated that thiodicarb was almost equitoxic to 
acetylcholinesterase enzymes separated from the head of 
susceptible and resistant larvae. In contrast, Kanga et al. 
(1994) did not observe a significant increase in profenofos 
toxicity to adult tobacco budworms treated with PBO. They 
also demonstrated a decreased target site sensitivity in 
these adult tobacco budworm and concluded that target site 
insensitivity was probably the major mechanism of profenofos 
resistance in adult tobacco budworm. Further studies need to 
be conducted to determine the mechanisms of resistance to the 
organophosphorus insecticides in tobacco budworm. 
Metabolic resistance to the carbamate insecticides, 
methomyl and thiodicarb also was indicated by synergism 
observed after treatment with PBO. However, antagonism of 
thiodicarb also was observed in two of the field-collected 
colonies tested. Thiodicarb requires activation for optimum 
insecticidal activity and the MFOs are considered to be the 
mechanism of this activation. The antagonism observed is 
probably a result, of reduced activation after inhibition of 
MFOs by PBO. Kanga et al. (1994) did not observe a 
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significant increase in toxicity of methomyl to adult tobacco 
budworms treated with PBO. They concluded that target site 
insensitivity was likely the major mechanism of carbamate 
resistance in adult tobacco budworms. Further studies of the 
mechanisms of resistance to the carbamate insecticides in 
tobacco budworm populations need to be conducted. 
The majority of the field-collected colonies that 
expressed oxidative metabolic resistance to the carbamate, 
organophosphorus and pyrethroid insecticides were from the 
Macon Ridge region of Louisiana. This is not surprising 
because the initial documentation of a population resistant 
to all three classes of insecticides occurred in this same 
region of Louisiana (Leonard et al. 1991, Elzen et al. 1992) . 
Evidence of metabolic resistance also was detected in 
populations from Oklahoma and Texas, which indicates that 
metabolic resistance may be becoming more widespread than 
previously reported. 
PBO Rate Study (Field). Cypermethrin resistance 
synergizeable by PBO was present in three of the four 
colonies established in 1993 from the Macon Ridge region of 
Louisiana. These laboratory results prompted a field study 
to be conducted at the Macon Ridge Branch of the Northeast 
Research Station to determine if this synergism could be 
detected under field conditions. Significant decreases in 
bollworm/tobacco budworm square damage and numbers of live 
bollworm/tobacco budworm larvae by the cypermethrin 0.09 
91 
kg(ai)/ha and PBO 1.12 kg(ai)/ha combination compared to the 
cypermethrin 0.09 kg(ai)/ha treatment confirm that synergism 
can be measured under field conditions. 
Confirmation of pyrethroid synergism by PBO in the field 
study as well as the positive synergism observed in the 
laboratory study gives strong evidence that metabolic 
resistance to che pyrethroids is becoming an increasingly 
important factor in Mid-South tobacco budworm populations. 
However, the application of PBO by cotton producers at the 
1.12 kg(ai)/ha rate used in this study would not be cost 
effective because of the small increase in efficacy and the 
high cost of this application rate. Additionally, decreased 
cypermethrin penetration under laboratory conditions and the 
trend toward higher square damage and numbers of larvae in 
squares at the 2.25 kg(ai)/ha rate of PBO, indicate that 
further studies need to be conducted before PBO could be 
recommended for increasing efficacy of insecticides under 
field conditions in the Mid-South. 
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CHAPTER 4 
TOXICOLOGICAL RESPONSES OF BOLL WEEVILS 
(COLEOPTERA: CURCULIONIDAE) FROM LOUISIANA TO 
SELECTED INSECTICIDES IN LABORATORY AND FIELD STUDIES 
Introduction 
The boll weevil, Anthonomus grandis grandis Boheman, 
continues to be a major pest of cotton in the Southern United 
States. The boll weevil was the most destructive pest of 
cotton in the United States in 1993, causing estimated losses 
in cotton production of 296,187 bales (Williams 1994). 
Management strategies have been developed and an eradication 
program has been initiated to minimize the use of 
insecticides for control of the boll weevil. However, 
chemical control remains the most effective strategy for 
managing this insect pest (Lincoln & Graves 1978, Graves & 
Wolfenbarger 1994). 
Within a few years after the chlorinated hydrocarbon 
insecticides were introduced for control of the boll weevil, 
field populations were found to be resistant to these 
insecticides (Roussel & Clower 1955) . In contrast, the 
organophosphorus insecticides have been used successfully to 
control the boll weevil without development of resistance 
since 1955 (Hopkins et al. 1975, 1984; Graves & Wolfenbarger 
1994) . Although boll weevil control failures with 
organophosphorus insecticides have not been reported in the 
96 
97 
United States, laboratory studies have demonstrated a 
significant decrease in toxicity of azinphosmethyl to field 
collections from the Rio Grande Valley in Texas (Wolfenbarger 
et al. 1986). Resistance to carbamate insecticides has not 
been reported thus far but little research has been conducted 
(Graves & Wolfenbarger 1994). 
The pyrethroid insecticides have been used since 1978 to 
control the bollworm , Helicoverpa zea (Boddie), and tobacco 
budworm, Heliothis virescens (F.), complex in cotton and also 
to suppress boll weevil populations (Hopkins et al. 1984, 
Leonard et al. 1989, Graves & Wolfenbarger 1994). Several 
studies have established LD50 values for boll weevils using 
pyrethroids (Rathinam 1979, Pavloff 1982, Hopkins et al. 
1984, Leonard et al. 1989). 
Recently, concern has been expressed by some producers 
and agricultural consultants that the pyrethroids are not 
providing satisfactory efficacy against some populations of 
the boll weevil. This study was undertaken to evaluate 
several populations of boll weevils throughout Louisiana for 
their susceptibility to selected pyrethroids and other 
classes of insecticides compared to responses of a laboratory 
colony. The data from this study are compared to previously 
reported reference values (Hopkins et al. 1975, Rathinam 
1979, Pavloff 1982, Hopkins et al. 1984, Wolfenbarger et al. 
1986, Leonard et al. 1989) to determine if any changes in 
boll weevil susceptibility to these insecticides have 
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occurred. This study also establishes reference 
toxicological values for oxamyl, a recommended carbamate 
insecticide, and several other insecticides that will be used 
for control of boll weevil in the near future. Additionally, 
responses of Spring and Fall field collections of boll weevil 
are compared to determine if seasonal variation in responses 
to insecticides occurs within the cotton production season. 
Materials and Methods 
Insects. The R. T. Gast Insect Rearing Laboratory 
(GAST-LAB) colony of boll weevils, which has been in 
continuous laboratory culture without exposure to 
insecticides or supplementation with field strains for more 
than 15 years, was used as a reference colony. GAST-LAB 
weevils were collected as adults from larval rearing trays 
and fed diet pellets (Roberson & Wright 1984) . 
Field collections of adult boll weevils from eleven 
Louisiana parishes (Figure 4.1) were made by using Scentry® 
pheromone traps baited with grandlure (Scentry Division, 
Ecogen Inc., Langhorne, PA). Generally, boll weevils were 
trapped from several cotton fields in each parish. The adult 
weevils were removed from the traps, placed in 3.7 L 
cardboard cartons and were supplied diet pellets (Roberson & 
Wright 1984) furnished by the USDA-ARS, R. T. Gast Insect 
Rearing Laboratory, Mississippi State, MS. The insects then 
were transported to the Cotton Insect Pest Management 
Figure 4.1. Parishes where boll weevils were collected. Shading indicates boll 
weevil collections in that parish. 
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Laboratory, Department of Entomology, Louisiana State 
University Agricultural Center in Baton Rouge, LA. The 
collections were made from May-June of 1991, 1992 and 1993 
and from September-November of 1992 and 1993. 
Insecticides. Technical grade azinphosmethyl and 
cyfluthrin (Miles Chemical Corporation, Kansas City, MO) ; 
cypermethrin, endosulfan and zeta-cypermethrin (FMC 
Corporation, Middleport, NY); malathion and AC 303,630 [4-
bromo-2- (4 -chlorophenyl) -1- (ethoxymethyl) - 5 -
(trifluoromethyl)-pyrrole-3-carbonitrile] (American Cyanamid 
Company, Princeton, NJ) ; methyl parathion (Chem Sources, West 
Chester, PA); oxamyl (Dupont E.I. de Nemours and Company, 
Wilmington, DL) and fipronil and deltamethrin (Rhone-Poulenc 
Ag. Co., Research Triangle Park, NC) were obtained from the 
manufacturers for the topical bioassays. Technical materials 
were diluted to a 1% stock solution and refrigerated until 
needed. 
The formulated insecticides that were used in the field 
experiments included: Ammo 2.5 Emulsifiable Concentrate (EC) 
[cypermethrin] and Fury 1. 5 EC [zeta-cypermethrin] (FMC Agri . 
Chem. Group, Philadelphia, PA); Baythroid 2 EC [cyfluthrin], 
Guthion 2 Liquid (L) [azinphosmethyl] and FCR 4545 1 EC 
[beta-cyfluthrin] (Miles Inc., Kansas City, MO); Decis 2 .5 EC 
[deltamethrin] (Roussel Bio Corp., Englewood Cliffs, NJ) ; 
fipronil 80 Water Dispersible Granule (WDG) [(±)-5-amino-l-
(2, G-dichloro-cf,ff,a-trifluoro-p-tolyl) - 4- tri-
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fluoromethy1sulf inylpyrazole-3 -carbonitrile] (Rhone-Poulenc 
Ag. Company, Research Triangle Park, NC); Imidan 50 Wettable 
Powder (WP) [phosmet] and Imidan 2.5 EC (Gowan Company Ag. 
Chemicals, Yuma, AZ) ; Karate 1 EC [lambda-cyhalothrin] 
(Zeneca Inc. Agricultural Products, Wilmington, DE); Methyl 
Parathion 4 EC, (Valco Chemicals, Harlingen, TX) ; Phaser 3 EC 
[endosulfan], HR-20900 1 EC [A mixture of 60 g/L deltamethrin 
+ 60 g/L tralomethrin] (Hoechst Roussel-Agri-Vet Co., 
Sommerville, NJ) and Pirate 3 Soluable Concentrate (SC) [AC 
303,630] (American Cyanamid, Princeton, NJ). 
Topical bioassay procedure. Adult boll weevils weighing 
10-18 mg were placed into 300-ml Nyman® (Nyman Mfg. Co., E. 
Providence, RI) cups (10 weevils/cup) and supplied with fresh 
diet pellets. All insecticides were applied according to the 
standard ESA method of determining insecticide resistance in 
boll weevil (Anonymous 1968). Serial dilutions were prepared 
from technical grade insecticides in acetone solutions. 
Insects were treated on the dorsal surface of the thorax with 
1 /X1 aliquots of acetone alone (control) or technical grade 
insecticide dissolved in acetone. 
The dose-mortality line for each insecticide was 
determined from four or five doses with 10 insects treated 
per dose and was based upon two to three replicates. After 
treatment, the weevils were held at 27+3 °C at 55-65% RH and 
mortality was determined after 48 and 72 h. The 48 h data 
are presented herein and the 72 h data are presented in 
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Appendix 1. The criterion for mortality was the inability of 
weevils to upright themselves within 30-60 s after being 
prodded. 
Results were analyzed using a microcomputer based probit 
analysis (POLO-PC, LeOra Software, 1119 Shattuck Ave., 
Berkeley, CA) . All data were corrected for control mortality 
using Abbott's (1925) formula. Control mortality was 
generally less than 10%, but mortality in some tests exceeded 
20%. However, x2 values for all dose-mortality lines were 
not significant, which indicates that all of the data sets 
fit the probit model. LD50's were significantly different if 
95% confidence limits (CL) failed to overlap. Resistance 
ratios and 95% CL for resistance ratios were calculated using 
the formulas given by Robertson & Preisler (1991) . 
Field tests. The efficacy of selected insecticides 
against boll weevil were evaluated in two tests at the Macon 
Ridge Branch of the Northeast Research Station near 
Winnsboro, LA (MRS) and one test on the Red River Research 
Station near Bossier City, LA (RRRS). 
Both tests at MRS consisted of a randomized block design 
with 4 replications of Holland 1919 cotton planted 15 Apr in 
plots consisting of 5 rows (1.02 m centers) by 15.2 meters. 
The plots were treated on 2, 6, 9, 12 and 15 Jul. All 
treatments were applied with a high clearance sprayer and C02 
charged delivery system calibrated to deliver 56.1 liters/ha 
at 2.8 kg/cm2 through two TX-8 nozzles equally spaced per 
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row. Treatments were evaluated on 6, 9, 12, 15 and 19 Jul by 
visually examining 50 randomly picked squares per plot for 
boll weevil damage. The plots received 1.9 cm irrigation 
with overhead sprinklers on 14 Jul. 
The test at RRRS consisted of a randomized block design 
with 4 replications of Deltapine 90 cotton planted 14 May in 
plots consisting of 16 rows (1.02 m centers) by 30.5 meters. 
The plots were treated on 5, 12, 18 and 24 Aug. All 
treatments were applied with a high clearance sprayer and C02 
charged delivery system calibrated to deliver 56.1 liters/ha 
at 5.6 kg/cm2 through two TX-3 nozzles equally spaced per 
row. Treatments were evaluated on 9, 18, 23, and 27 Aug by 
visually examining 50 randomly picked squares per plot for 
boll weevil damage. All variables were subjected to analysis 
of variance and comparisons made using Duncan's multiple 
range test (SAS 1988) . 
Results 
Topical bioassays. The relative toxicity of eleven 
insecticides to the GAST-LAB reference colony ranged from a 
48 h LD50 of 0.003 for cyfluthrin to 0.586 /xg/weevil for 
malathion, a 195X difference (Table 4.1) . Cyfluthrin was the 
most toxic compound followed by zeta-cypermethrin, fipronil, 
deltamethrin, azinphosmethyl, cypermethrin, methyl parathion, 
AC 303,630, oxamyl, endosulfan and malathion, respectively. 
Table 4.1. Relative toxicity of selected insecticides to the GAST laboratory reference 
colony. 
Insecticide 
Number 
tested 
48 Hour 
LD-501(95% CL) SloDe •» • SE y 2  
Cyfluthrin 200 0 . 003 (0. 002-0. 006) 2 , .44 + 0 .34 4.88 
Zeta-cypermethrin 120 0 . 012 (0 .009-0. 015) 4 , .06 + 0 .82 0.20 
Fipronil 210 0 . 013 (0 .009-0. 019) 1, .63 + 0 .31 0.76 
Deltamethrin 150 0 . 017 (0 .012-0, .021) 3 .62 + 0 .66 1.08 
Azinphosmethyl 460 0 . 029 (0 .023-0, .037) 3 .09 + 0 .26 9.08 
Cypermethrin 540 0 , .029 (0 .020-0. 039) 2 .09 + 0 .17 6.52 
Methyl parathion 750 0 . 087 (0 .073-0, .104) 5 .14 + 0 .69 12 .22 
AC 303,630 220 0 . 151 (0 .116-0, .219) 2 .93 + 0 .62 0.83 
Oxamyl 460 0 . 205 (0 .130-0. 346) 2 .24 + 0 .21 22 .77 
Endosulfan 170 0 , .435 (0 .348-0, .524) 3 .93 0 .80 1.01 
Malathion 414 0. 586 (0 .454-0, .739) 3 .30 + 0 .43 6.14 
1 Expressed as fig of insecticide/weevil. 
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Slopes of dose-mortality lines ranged from 1.63 (fipronil) to 
5.14 (methyl parathion) with most values ranging from 2-4. 
Toxicological responses of field-collected boll weevils 
to azinphosmethyl ranged from 0.011 (1991 Spring Bossier) to 
0.107 fig/weevil (1992 Fall Bossier) a 9.7X difference (Table 
4.2) . Five collections of weevils had LD50s that were 
significantly higher than the GAST-LAB colony (0.029 
pig/weevil) . The Bossier (1991 Spring) collection had a LD50 
that was significantly lower than the GAST-LAB colony, while 
the other 16 collections had LD50s that were not significantly 
different from that for the GAST-LAB colony. Resistance 
ratios ranged from 0.39-3.63X. The LD50 of the Bossier (1992 
Fall) was significantly higher than the LD50 of the Bossier 
(1991 Spring) field collection and both LD50s of the field 
collections made during the Spring of 1993 in Bossier parish. 
However, no significant differences were observed between the 
LDeo of the Caddo (1992 Fall) and that of the Caddo (1992 and 
1993 Spring) or between the LD50 of the Franklin (1992 Fall) 
and the LD50s of Spring field collections from Franklin (1991, 
1992 and 1993 Spring). 
Responses of field-collected boll weevils to malathion 
ranged from 0.076 (1991 Tensas) to 3.786 (1992 Bossier) 
^g/weevil, a 50X difference (Table 4.3). Two field-
collections had significantly higher LD50s than the GAST-LAB 
colony (0.586 /ig/weevil) , three collections had LD50s not 
significantly different from the GAST-LAB colony, while 11 
Table 4.2. Dose-mortality responses of boll weevils from selected locations to 
azinphosmethyl. 
Colonv 
Number 
tested LD-
48 Hour 
501(95% CL) SloDe + SE 
Resistance 
Ratio2(95% CL) Y2 
GAST-LAB 460 0 029 (0 023--0 . 037) 3 09 + 0 26 NA 9 08 
Spring 1991 
Franklin 145 0 020 (0 014--0 . 025) 3 67 + 0 76 0 . 68 (0 49--0. 94) 1 86 
Rapides 181 0 026 (0 016--0 . 037) 2 65 + 0 62 0 . 89 (0 58--1. 37) 2 83 
Bossier 210 0 011 (0 007--0 . 015) 2 68 + 0 66 0 . 39 (0 30--0 . 51) 1 19 
Tensas 254 0 017 (0 011--0 . 023) 2 64 + 0 40 0 . 57 (0 45--0 . 73) 6 29 
Spring 1992 
Bienville 200 0 031 (0 018--0 . 043) 3 42 + 0 48 1. 04 (0 77--1. 40) 3 86 
Caddo 200 0 072 (0 049--0 . 141) 2 83 + 0 56 2 . 47 (1 75--3 . 48) 3 43 
Concordia 138 0 027 (0 022--0 . 033) 3 78 + 0 59 0 . 91 (0 73--1. 13) 1 83 
Franklin 105 0 029 (0 023--0 . 034) 6 98 + 1 64 0 . 97 (0 74--1. 27) 0 07 
Rapides 177 0 073 (0 056--0 . 110) 1 99 + 0 39 2 . 48 (1 84--3 . 34) 2 37 
Tensas 120 0 027 (0 019--0 . 033) 4 74 + 1 03 0 . 91 (0 65--1. 28) 1 23 
Fall 1992 
Bossier 200 0 107 (0 088--0 .168) 3 72 + 0 96 3 . 63 (2 65--4 . 97) 0 56 
Caddo 150 0 078 (0 062--0 .111) 4 96 + 0 75 2 . 64 (1 98--3 . 53) 1 22 
Franklin 291 0 .028 (0 022--0 . 032) 5 28 + 1 .01 0 . 94 (0 73--1. 21) 0 59 
Spring 1993 
Bossier 210 0 048 (0 033--0 . 072) 1 90 ± 0 41 1. 64 (1 11--2. 42) 2 61 
Bossier 180 0 031 (0 017--0 . 043) 3 24 + 0 80 1. 07 (0 70--1. 64) 0 34 
Caddo 150 0 .059 (0 045--0 .070) 5 34 + 1 37 1. 99 (1 54--2 . 56) 1 07 
Concordia 130 0 017 (0 005--0 . 035) 2 27 + 0 .44 0. 59 (0 36--0 . 98) 3 62 
Franklin 181 0 028 (0 022--0 . 037) 2 36 + 0 .32 0 96 (0 76--1. 22) 2 .00 
Grant 130 0 024 (0 018--0 . 032) 2 92 + 0 .45 0 82 (0 .56--1. 20) 2 .14 
Natchitoches 130 0 020 (0 015--0 . 026) 4 09 + 0 .88 0. 69 (0 .52--0 . 90) 1 .13 
Rapides 180 0 029 (0 015--0 .045) 1 .47 + 0 .36 0. 95 (0 .52--1. 76) 0 03 
Tensas 181 0 .025 (0 015 -0 .040) 2 .59 + 0 .34 0. 83 (0 .62--1. 12) 3 .92 
1 Expressed as pig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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Table 4.3. Dose-mortality responses of boll weevils from selected locations to malathion. 
Number 48 Hour Resistance 
Colonv tested LD-50 1 (95% CL) Slone + SE Ratio2(95% CL) y 2 
GAST-LAB 414 0 586 0 .454 -0 .739) 3 30 + 0 .43 NA 6 . 14 
Spring 1991 
Tensas 180 0 076 0 .052 -0 .111) 2 43 + 0 .41 0 .  13 (0 .09-0 .  19) 2 . 41 
Spring 1992 
Bienville 320 0 244 0 .206 -0 .275) 5 87 + 1 .35 0 .  42 (0 .34-0 .  51) 0 .  71 
Tensas 115 0 294 0 .208 -0 .394) 
Fall 
2 
1992 
42 + 0 .41 0 .  50 (0 .30-0 .  84) 2 . 05 
Bossier 340 3 786 2 .281 -10.423) 1 53 + 0 .27 6. 54 (1 .98-21 .64) 10. 60 
Caddo 150 3 299 1 .381 -173.756) 0 97 + 0 .34 5 . 62 (1 .60-19 . 74) 1 .  18 
Franklin 440 0 176 0 .102 -0 .257) 2 13 + 0 .27 0 .  30 (0 .22-0 .  42) 13 . 73 
Spring 1993 
Bossier 180 0 973 0 .628 -2 .346) 2 23 + 0 .73 1 .  66 (0 .98-2 . 79) 0 .  19 
Bossier 210 0 204 0 . 121 -0 .321) 1 45 + 0 .28 0 35 (0 .22-0 .  56) 1.  73 
Caddo 200 0 780 0 .623 -1 .053) 3 71 + 0 .95 1 34 (1 .03-1 .  74) 0  .  04 
Concordia 240 0 132 0 .067 -0 .238) 3 00 + 0 .43 0 .  23 (0 .17-0  .  30) 5 . 46 
De Soto 180 0 178 0 .100 -0 .255) 2 54 + 0 .52 0 .  30 (0 .18-0 .  50) 0  .  59 
Franklin 298 0 128 0 .104 -0 .160) 3 .41 + 0 .50 0 22 (0 .17-0 .  29) 0 .  41 
Grant 120 0 151 0 .073 -0 .253) 1 82 + 0 .41 0 26 (0 .15-0 .  45) 1 .  23 
Natchitoches 211 0 138 0 .080 -0 .199) 2 50 + 0 .51 0 24 (0 .15-0 .  37) 0 .  78 
Rapides 150 0 416 0 .275 -0 .807) 2 04 + 0 .47 0 71 (0 .43-1 .  16) 0 .  18 
Tensas 120 0 141 0 .108 -0 .174) 4 24 + 0 .82 0 24 (0 .18-0 .  32) 0 .  47 
1 Expressed as /zg of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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collections had LD50s that were significantly lower. 
Resistance ratios ranged from 0.13-6.54X. 
LD50S of the field-collections of boll weevil for methyl 
parathion ranged from 0.028 (1993 Grant) to 0.069 (1992 
Caddo) /zg/weevil, a 2.5X difference (Table 4.4). Twelve of 
the fourteen LD50 values for methyl parathion were 
significantly lower than the LD50 for the GAST-LAB colony 
(0.087 ix g/weevil) and none were significantly higher. 
Resistance ratios ranged from 0.32-0.79X. The LDS0 of the 
1992 Bossier collection was significantly higher than both 
LD50s of the field collections made during the Spring of 1993. 
However, no significant differences were observed between the 
LD50 of the 1992 Fall Caddo boll weevil collection and the 
1993 Spring Caddo collection or between the LD50 of the 1992 
Fall Franklin Parish collection and that of the 1993 Spring 
field collection. All boll weevil collections from Tensas 
Parish had similar LD50s regardless of collection time. 
Responses to oxamyl for the field-collected boll weevils 
ranged from 0.024 (1993 Natchitoches) to 0.397 (1992 Bossier) 
/^g/weevil, a 16.5X difference (Table 4.5). Thirteen of the 
eighteen field collections had LD50s significantly lower than 
the GAST-LAB colony (0.211 jug/weevil) but none were 
significantly higher. Resistance ratios ranged from 0.11-
1.88X. Significantly higher LD50s were observed for field 
collections of boll weevils during the Fall of 1992 from 
Bossier Parish compared to the Spring of 1993. However, no 
Table 4.4. Dose-mortality responses of boll weevils from selected locations to methyl 
parathion. 
Colony 
Number 
tested 
48 Hour Resistance 
Slope + SE 
GAST-LAB 750 0 .  087 (0 .075 -0.101) 5. 12 + 0 . ,69 NA 12 . 44 
Spring 1992 
Tensas 167 0 . 031 (0 .019 -0.042) 3. 
Fall 1992 
97 + 0 . 57 0 . 36 (0 .29-0 .45) 9. 02 
Bossier 310 0 . 063 (0 .051 -0.074) 6. 36 + 0 . 98 0 . 73 (0 .65-0 .81) 8 . 98 
Caddo 150 0 , .069 (0 .056 -0.102) 3. 47 + 0 . 95 0 . 79 (0 .61-1 .03) 2 . 03 
Franklin 302 0 .  056 (0 .048 -0.063) 4, 
Spring 1993 
.46 + 0 . 68 0 . 65 (0 .56-0 .75) 1 .  26 
Bossier 210 0 . 037 (0 .028 -0.044) 4, .39 + 0 , .84 0 . 43 (0 .34-0 -53) 0 .  79 
Bossier 180 0 . 029 (0 .021 -0.039) 2, .75 + 0 , . 69 0 . 33 (0 .24-0 .45) 0 . 01 
Caddo 130 0 . 034 (0 .020 -0.043) 3, .86 + 1, .00 0 . 39 (0 .28-0 .54) 1 .  14 
Concordia 180 0 . 031 (0 .026 -0.036) 6, .99 + 1, .51 0 . 36 (0 .30-0 .42) 0 .  23 
Franklin 180 0 . 065 (0 .052 -0.068) 2. 43 + 0 .  43 0 . 75 (0 .59-0 .95) 1 .  10 
Grant 190 0 . 028 (0 .016 -0.036) 4. 22 + 1 .  08 0 . 32 (0 .23-0 .45) 1 .  13 
Natchitoches 270 0 . 039 (0 .030 -0.046) 4. 61 + 0 , .88 0 .  45 (0 .37-0 .56) 0 .  65 
Rapides 210 0 , .047 (0 .029 -0.062) 5, .43 + 0 , .84 0 .  54 (0 .47-0 .64) 4 . 86 
Tensas 180 0 . 035 (0 .020 -0.053) 3 -
Fall 1993 
.73 + 0 . 49 0 . 41 (0 .33-0 .50) 6. 07 
Tensas 111 0 , .050 (0 .037 -0.060) 5. 27 + 1, .23 0 . 58 (0 .47-0  .72) 0 .  77 
Expressed as fig of insecticide/weevil. 
Calculated according to Robertson & Preisler (1992). 
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Table 4.5. Dose-mortality responses of boll weevils from selected locations to oxamyl. 
Number 48 Hour Resistance 
Colonv tested LD-501(95% CL) Slope + SE Ratio2 ( 95% CL) Y2 
GAST-LAB 460 0 211 (0 159 -0 .283) 2 54 + 0 25 NA 3 11 
Spring 1991 
Tensas 180 0 036 (0 023 -0 .051) 2 32 + 0 43 0 . 17 (0 11-0 26) 2 76 
Spring 1992 
Bienville 290 0 110 (0 089 -0 .135) 4 08 + 0 75 0 . 52 (0 .40-•0 68) 1 98 
Caddo 200 0 268 (0 218 -0 . 429)3 4 08 + 1 58 1. 27 (0 .91--1 78) 0 20 
Concordia 131 0 108 (0 087 -0 .153) 3 53 + 0 76 0 . 51 (0 .37--0 69) 3 79 
Franklin 113 0 074 (0 056 -0 .094) 3 35 + 0 66 0. 36 (0 .26--0 47) 0 18 
Rapides 95 0 .101 (0 080 -0 .145) 3 92 + 0 95 0 . 48 (0 .35--0 66) 3 76 
Tensas 150 0 .093 (0 059 -0 .176) 3 22 + 0 51 0 . 44 (0 .34--0 56) 4 99 
Fall 1992 
Bossier 340 0 .397 (0 261 -0 .595) 2 48 + 0 33 1. 88 (1 .43--2 48) 11 65 
Caddo 165 0 .202 (0 121 -0 .458) 2 47 + 0 40 0 . 96 (0 .69--1 33) 6 92 
Franklin 421 0 .110 (0 076 -0 .150) 4 31 + 0 87 0. 45 (0 .34--0 59) 11 02 
Spring 1993 
Bossier 240 0 .048 (0 033 -0 .063) 2 43 + 0 45 0. 23 (0 .16--0 32) 2 26 
Caddo 252 0 .071 (0 049 -0 .163) 2 03 + 0 .49 0 34 (0 .20--0 57) 1 65 
Concordia 240 0 .050 (0 035 -0 .078) 1 77 + 0 .35 0. 24 (0 .16--0 36) 2 25 
Franklin 120 0 .030 (0 024 -0 .035) 6 58 + 1 .54 0. 14 (0 . 11--0 .18) 0 74 
Grant 290 0 .057 (0 036 -0 .098) 2 05 + 0 .42 0. 27 (0 .17--0 .45) 0 02 
Natchitoches 420 0 .024 (0 016 -0 .032) 1 77 + 0 .29 0. 11 (0 .07--0 .16) 0 68 
Rapides 180 0 .058 (0 .042 -0 .081) 2 48 + 0 .46 0 27 (0 .19--0 .39) 1 57 
Tensas 180 0 .040 (0 032 -0 .050) 2 .79 + 0 .44 0 19 (0 .14--0 .25) 1 06 
1 Expressed as /xg of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
3 90% confidence limits. 
Ill 
significant differences were observed between the Caddo field 
collection made in the Fall of 1992 and the Spring 
collections in 1992 and 1993. The LD50 response for the 1992 
Fall Franklin Parish collection was significantly higher than 
that of the 1993 Spring Franklin collection but not 
significantly different compared to the 1992 Spring Franklin 
collection. 
Seven field collections of boll weevils had LD50s for 
endosulfan ranging from 0.032 (Franklin) to 0.08 (Concordia) 
/xg/weevil, a 2.5X difference (Table 4.6) . All seven LDS0s for 
the field collections were significantly lower than the LDS0 
(0.435 ^ xg/weevil) for the GAST-LAB colony. Resistance ratios 
ranged from 0.07-0.18X. 
Responses to cypermethrin for the field-collected 
weevils ranged from 0.015 (1992 Fall Tensas) to 0.764 (1993 
Caddo) /zg/weevil, a 51X difference (Table 4.7) . Fifteen of 
the 23 field collections of boll weevils had LD50s 
significantly higher than the GAST-LAB colony (0.029 
/zg/weevil) and none had significantly lower LDS0 values. 
Resistance ratios ranged from 0.51-26.39X. None of the Fall 
field collections of boll weevil exhibited significantly 
higher cypermethrin LD50s compared to Spring field collections 
from the same locations. Significantly higher LD50s were 
observed for Spring field collections from Caddo (1993), 
Franklin (1991 and 1993) and Tensas (1991, 1992 and 1993) 
compared to Fall field collections from the same locations. 
Table 4.6. Dose-mortality responses of boll weevils from selected locations to endosulfan. 
Colony 
Number 
tested 
48 Hour Resistance 
Slope + SE 
GAST-LAB 170 0 . 435 (0 1 C
O ro 0 . 524) 3 . 93 + 0 . 80 NA 1. 01 
Spring 1993 
Bossier 181 0 . 049 (0 .034-0 , .066) 2 .  14 + 0 . 40 0 . 11 (0, .08 -0 . 17) 1. 74 
Concordia 130 0 . 080 (0 .056-0 , .104) 2 . 84 + 0 . 63 0 . 18 (0, .13 -0 . 26) 0 . 17 
Franklin 250 0 , .032 (0 . 016-0 . 053) 2 . 34 + 0 , .40 0 . 07 (0, .06 -0 . 10) 3 . 51 
Grant 240 0 , .072 (0 .056-0 , . 089) 3 , .83 + 0 . 78 0 . 17 (0. 12 -0 . 23) 0. 86 
Natchitoches 209 0 . 050 (0 .031-0 , .072) 2 , .29 + 0 . 46 0 . 11 (0. 08 -0 , .17) 1. 42 
Rapides 120 0 , .048 (0 .020-0 . 097) 2 . 94 + 0 , .54 0 . 11 (0. 08 -0. 16) 4 , .30 
Tensas 240 0 , .039 (0 .028-0 , .052) 2 , .08 + 0 , .33 0. 09 (0. 06 -0 . 13) 2 . 53 
Calculated according to Robertson & Preisler (1992] 
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Table 4.7. Dose-mortality responses of boll weevils from selected locations to cypermethrin. 
Colonv 
Number 
tested LD-
48 Hour 
501(95% CL) Slope 4  SE 
Resistance 
Ratio2(95% CL) X 2  
GAST-LAB 540 0 . 029 (0 . 020 -0.039) 2 . 09 + 0 . 17 NA 6 . 52 
Spring 1991 
Franklin 189 0 . 091 (0 . 057 -0 .121) 2 . 93 + 0 .65 3 14 2.20-4. 47) 1 .  94 
Rapides 150 0 . 056 (0 . 035 -0.080) 2 . 58 + 0 . 71 1 93 1.32-2. 81) 0 .  11 
Tensas 209 0 . 067 (0 . 027 -0.125) 2 . 12 + 0 .36 2 .32 1.61-3. 36) 6. 61 
Spring 1992 
Bienville 190 0 .060 (0 . 044 -0.080) 2 . 00 + 0 .31 2 . 04 1.44-2. 91) 1 .  61 
Caddo 170 0 .427 (0 .219 -2.496) 1 .  29 + 0 .34 14 .74 5.72-38 .00) 1 .  53 
Concordia 120 0 .107 (0 . 059 -0.198) 1 73 + 0 .61 3 .71 2.25-6. 12) 0  .  11 
Franklin 59 0 . 031 (0 . 017 -0.048) 2 25 + 0 . 57 1 . 07 0.67-1. 71) 1 .  12 
Rapides 118 0 .081 (0 . 059 -0.117) 2 23 + 0 .39 2 . 80 1.90-4. 11) 1 .  26 
Tensas 180 0 . 058 (0 . 032 -0.082) 2 12 + 0 . 52 2 .02 1.25-3 . 26) 2 . 25 
Fall 1992 
Bossier 340 0 .368 (0 .264 -0.539) 1 .  34 + 0 . 18 12 . 82 8.86-18 . 55) 4 . 78 
Caddo 170 0 . 116 (0 . 060 -0.280) 1 40 + 0 .25 4 . 03 2.42-6. 69) 4. 63 
Franklin 421 0 . 018 (0 .  011 -0.024) 3 38 + 0 .32 0 .61 0.41-0. 90) 8. 51 
Tensas 121 0 . 015 (0 . 007 -0.024) 1 .  34 ± 0 .26 0 .51 0.29-0. 88) 3 . 47 
Spring 1993 
Bossier 389 0 .417 (0 . 192 -1. 834) 0 63 + 0 . 14 14 .45 5.36-38 . 92) 1 .  53 
Caddo 300 0 . 764 (0 .381 -2.721) 1 09 + 0 .24 26 .39 10.93-63.68) 0 .  32 
Concordia 240 0 . 078 (0 . 053 -0.156) 1 85 + 0 .52 2 .70 1.70-4. 29) 0 .  12 
Franklin 150 0 . 065 (0 . 053 -0.082) 3 49 + 0 .63 2 .23 1.62-3 . 07) 0 .  72 
Grant 180 0 . 094 (0 .063 -0.197) 1  62 + 0 .33 3 .23 1.79-5. 82) 0 .  87 
Natchitoches 419 0 .092 (0 . 040 -0.191) 1 .  33 ± 0 .21 3 .18 2.14-4. 75) 3 . 2 0  
Point Coupee 113 0 .073 (0 . 052 -0.173) 2 71 + 0 . 95 2 . 54 1.65-3 . 90) 0  .  28 
Rapides 260 0 . 038 (0 . 026 -0.059) 1 48 + 0 .26 1 .32 0.93-1. 88) 0 .  94 
Tensas 180 0 . 055 (0 . 041 -0.084) 1 .  84 + 0 .31 1 .93 1.23-3 . 02) 2. 31 
Fall 1993 
Tensas 113 0 .035 (0 . 024 -0.055) 1 71 ± 0 .32 1 .20 0.81-1. 77) 3 51 
1 Expressed as /xg of insecticide/weevil. ~ 
2 Calculated according to Robertson & Preisler (1992). h 
Eight field collections of boll weevils had LD50s for 
cyfluthrin that ranged from 0.005 (1993 Grant) to 0.092 (1992 
Bossier) ^g/weevil, a 18X difference (Table 4.8). Four of 
the eight weevil collections had LD50 values that were 
significantly higher than the GAST-LAB colony (0.003 
/xg/weevil) and none had LD50 values that were significantly 
lower. Resistance ratios ranged from 1.36-26.89X. No 
significant differences between LD50 values were observed for 
Fall (1992) field collections from Bossier or Franklin Parish 
compared to Spring field collections (1993) from the same 
locations. 
Responses for five field collections of boll weevils to 
deltamethrin ranged from 0.010 (Franklin) to 0.060 
(Natchitoches) ^g/weevil, a 6X difference (Table 4.9). Two 
LD50 values for field collections were significantly higher 
than the LD50 (0.017 ^g/weevil) for the GAST-LAB colony but 
none of the LD50 values for the field collections were 
significantly lower than the GAST-LAB colony. Resistance 
ratios ranged from 0.6-3.55X. 
Six field collections had LD50 values for zeta-
cypermethrin that ranged from 0.010 (Natchitoches) to 0.040 
(Bossier) ^ g/weevil, a 4X difference (Table 4.10). Only one 
of the six field collections had an LD50 value that was 
significantly higher than the LD50 (0.012 /xg/weevil) of the 
GAST-LAB colony. Resistance ratios ranged from 0.87-3.32X. 
No significant differences in LD50 values were observed 
Table 4.8. Dose-mortality responses of boll weevils from selected locations to cyfluthrin. 
Colonv 
Number 
tested • 
P
 
J
 
48 ] 
5011 
Hour 
[95% CL) Slope ! + SE 
Resistance 
Ratio2(95% CL) K .2 
GAST-LAB 200 0 . 003 (0 .002 -0.006) 2 .44 + 0 .34 NA 4 . 88 
Fall 1992 
Bossier 120 0 . 092 (0 .050 -0 .147) 1 .44 + 0 .28 26 . 89 (12 .38-58.42) 0 . 29 
Franklin 371 0 . 010 (0 .003 -0.017) 1 .42 + 0 .21 2 .82 (1. 51-5.26) 12 . 43 
Spring 1993 
Bossier 382 0 , .038 (0 .024 -0 .116) 1 .46 + 0 .42 11 .31 (5. 64-22.67) 0. 16 
Concordia 190 0 . 008 (0 .005 -0.012) 1 .84 + 0 .42 2 .42 (1. 32-4.45) 1. 18 
Franklin 220 0 , .009 (0 .005 -0.018) 1 .10 + 0 .28 2 .78 (1. 00-7.75) 0. 70 
Grant 150 0 . 005 (0 .003 -0.007) 1 .78 + 0 .44 1 .36 (0. 87-2.14) 1. 51 
Natchitoches 241 0 , .027 (0 .017 -0.070) 1 .61 + 0 .37 7 .94 (4. 09-15.41) 1. 30 
Tensas 210 0 , .012 (0 .009 -0.016) 2 .61 + 0 .57 3 .56 (2. 20-5 .77) 1. 17 
1 Expressed as /xg of ins-ecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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Table 4.9. Dose-mortality responses of boll weevils from selected locations to deltamethrin. 
Number 48 Hour Resistance 
Colonv tested LD-501(95% CL) Sloce + SE Ratio2(95% CL) Y2 
GAST-LAB 150 0 , .017 (0.012 -0.021) 3.62 ± 0.66 NA 1.08 
Spring 1993 
Bossier 332 0 . 032 (0.023 -0.046) 2.75 ± 0.64 1.90 (1.23-2.94) 0.85 
Concordia 280 0 . 022 (0.014 -0.029) 1.78 ± 0.33 1.30 (0.70-2.40) 1.99 
Franklin 250 0 . 010 (0.005 -0.016) 1.16 ± 0.25 0.60 (0.46-0.78) 2 .67 
Natchitoches 209 0 .060 (0.033 -0.232) 1.24 ± 0.33 3.55 (1.56-8.09) 1.10 
Tensas 190 0 .021 (0.012 -0.044) 1.32 ± 0.33 1.24 (0.60-2.59) 0.79 
1 Expressed as /ig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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Table 4.10. Dose-mortality responses of boll weevils from selected locations to zeta-
cypermethrin. 
Colonv 
Number 
tested LD-
H 
00 
o
 
in Hour (95% CL) Sloce + SE 
Resistance 
Ratio2(95% CL) Y 2  
GAST-LAB 120 0 . 012 (0 .009 -0.015) 4 . .06 + 0 .82 NA 0 .20 
Fall 1992 
Franklin 160 0 . 011 (0 . 006 -0.019) 1. 34 + 0 .25 0.96 (0 .55-1. 66) 3.99 
Spring 1993 
Bossier 562 0 .   040 (0 . 023 -0.099) 2 . 10 + 0 .28 3 .32 (2 .32-4. 76) 6.62 
Concordia 330 0 .   018 (0 . 013 -0.024) 1. .74 + 0 .25 1.51 (1 .26-1. 81) 1.33 
Franklin 250 0 . 016 (0 . 011 -0.021) 1 .  84 + 0 .29 1.31 (0 .86-1. 98) 0.43 
Natchitoches 270 0 , . 010 (0 .007 -0.014) 2 . 34 + 0 .38 0 . 87 (0 .62-1. 21) 2.33 
Tensas 330 0 , . 019 (0 . 014 -0.025) 1. .96 + 0 .26 1.59 (1 .12-2. 27) 0 . 74 
1 Expressed as /ig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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between the 1992 Fall field collections from Franklin Parish 
and the 1993 Spring collection. 
Fipronil responses ranged from 0.004 (Grant) to 0.012 
(Caddo) ^g/weevil, a 3X difference (Table 4.11). Three of 
the eight field collections of weevils had LD50s that were 
significantly lower than that of the GAST-LAB colony (0.013 
/^g/weevil) and none had significantly higher LD50 values. 
Resistance ratios ranged from 0.30-0.91X. 
Seven field collections had LD50 values to AC 303,630 
ranging from 0.013 (Franklin) to 0.050 (Tensas), a 3.8X 
difference (Table 4.12) . Six of the seven LD50 values for the 
field collections of boll weevils were significantly lower 
than that of the GAST-LAB colony (0.151 /^g/weevil) and none 
had significantly higher LD50 values. Resistance ratios 
ranged from 0.25-0.85X. 
Field tests. In the first field test at the MRS all of 
the pyrethroid treatments reduced the number of damaged 
squares compared to the untreated control (UTC) starting at 
the second evaluation date and continuing throughout the 
remainder of the test, including the mean across all test 
dates (Table 4.13) . No significant differences were observed 
among pyrethroid treatments. 
In the second test conducted at the MRS, no significant 
differences in boll weevil damaged squares were observed 
among treatments until the third evaluation date (Table 
4.14) . For the mean across all observation dates, all of 
Table 4.11. Dose-mortality responses of boll weevils from selected locations to fipronil. 
Colony 
Number 
tested 
48 Hour Resistance 
Slope + SE 
GAST-LAB 210 0 .013 (0. 009-0 . 019) 1 .  63 + 0 .  31 NA 0 .76 
Bossier 300 0 .009 (0. 007-
Spring 
0.014) 
1993 
2 . 36 + 0 .  56 0 . 71 (0. 41 -1.  22) 0 .05 
Caddo 144 0 . 012 (0. 009-0 . 019) 2 . 38 + 0 .  60 0 . 91 (0. 52 -1.  62) 1 .17 
Concordia 241 0 .006 (0. 004-0 .  007) 2 . 88 + 0  .  60 0 . 45 (0. 25 -0 . 79) 0 .02 
Franklin 250 0 .008 (0, .006-0 , .009) 3 . 70 + 0  . 70 0 .  60 (0, .35 -1. 05) 1 .38 
Grant 270 0 .004 (0. 001-0 , .005) 2 . 64 + 0  .  78 0 . 30 (0. 16 -0 , .57) 1 .93 
Natchitoches 269 0 .006 (0, .005-0 . 007) 3 , .80 + 1 ,  .00 0 . 47 (0, .30 -0 , .76) 2 .63 
Rapides 381 0 .010 (0, .009-0 . 013) 4 , .69 + 1. 28 0 . 76 (0. 45 -1, .28) 2 .11 
Tensas 470 0 .009 (0, .006-0 ,  .012) 3 , .07 ± 0 . 41 0 . 70 (0, .40 -1, .21) 4 .97 
Calculated according to Robertson & Preisler (1992; 
H  
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Table 4.12. Dose-mortality responses of boll weevils from selected locations to AC 3 03,630. 
Colonv 
Number 
tested 
48 Hour 
LD-501(95% CL) Slope : + SE 
Resistance 
Ratio2(95% CL) Y 2  
GAST-LAB 220 0 . 151 (0. 116--0 . 219) 2 . 93 + 0 . 62 NA 0 . 83 
Spring 1993 
Bossier 422 0 . 022 (0. .014--0 . 033) 1 .  35 + 0 . 19 0 .  44 (0. 27--0 . 73) 3 . 64 
Concordia 190 0 .043 (0. 004--0 . 128) 1. .11 + 0 . 19 0 , .85 (0. 52-- 1 .  38) 4 . 81 
Franklin 190 0 .013 (0. 008--0 . 017) 3 . 04 + 0 .  72 0 . 25 (0. 19--0 . 34) 0 . 01 
Grant 300 0 .020 (0. 009--0 . 035) 1, .17 + 0 , .21 0 .  40 (0. 16--0 .  99) 2 . 57 
Natchitoches 210 0 .028 (0. .012--0 . 050) 1, .21 + 0 , .21 0 . 56 (0. 33--0 , .94) 1. 02 
Rapides 101 0 .029 (0. 011--0 . 049) 1.  92 + 0 .  50 0 .  57 (0. 30-- 1 ,  .09) 0 .  23 
Tensas 240 0 .050 (0. 016--0 . 106) 1.  34 + 0 , .21 0  .33 (0, .25--0 , .44) 3 . 34 
1 Expressed as [ig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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Table 4.13. Efficacy of selected pyrethroids for boll weevil control at the Macon Ridge 
Branch of the Northeast Research Station, Winnsboro, LA. 
Boll weevil damage/50 squares 
Mean 
Treatment 
kg 
(ai/ha) 6 Jul 9 Jul 12 Jul 15 Jul 19 Jul 
across 
dates 
UTC 8.8 a 7 . 8 a 10 . 5 a 11.8 a 14 . 8 a 10.7 a 
Zeta-cypermethrin 0 . 043 7.5 a 2 . 5 b 3 . 8 b 3.3 b 7 .5 b 4.9 b 
Zeta-cypermethrin 0 . 051 7.8 a 2 . 0 b 2 . 5 b 4.0 b 7 .8 b 4.8 b 
Cyfluthrin 0 , .037 7.3 a 1. 3 b 2 . 8 b 3.5 b 4 .3 b 3.8 b 
Lambda-cyhalothrin 0 . 034 7.8 a 2 . 0 b 1. 5 b 2.5 b 4 .5 b 3.7 b 
HR-20900 0 . 030 6.3 a 1. 3 b 2 . 0 b 2.0 b 5 .5 b 3.4 b 
FCR4545 0 .018 6.3 a 2 . 0 b 2 . 5 b 3.3 b 5 .3 b 3.9 b 
P>F (Anova) (>0.05) (<0.01) (<C 1.01) (<0.01) ( < '  0.05) (<0.01) 
Means within a column followed by the same letter do not differ significantly (P=0.05 DMRT) 
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Table 4.14. Efficacy of selected insecticides for boll weevil control at the Macon Ridge 
Branch of the Northeast Research Station, Winnsboro, LA. 
Boll weevil damaqe/50 squares 
Mean 
kg across 
Treatment (ai)/ha 6 Jul 9 Jul 12 Jul 15 Jul 19 Jul dates 
UTC 8 . 5 a 10 .5 a 10 . 8 a 9 .0 a 14 .8 a 10.7 a 
Fipronil 0 . 056 8 . 0 a 3.0 a 3 . 5 c 3 .3 b 3 .0 c 4.2 e 
Fipronil 0. .076 8 . 8 a 6.0 a 5 . 0 b 3 .0 b 4 .5 c 5.5 cde 
AC 303,630 0 , .337 7 . 0 a 7.3 a 7 . 0 abc 6 .5 ab 7 .8 be 7.1 be 
AC 303,630 0. 449 6. 5 a 7.5 a 9 . 3 ab 9 .0 a 8 .3 abc 8.1 b 
Endosulfan 0 . 401 8 . 3 a 4.5 a 6 . 0 abc 4 .3 ab 5 .0 be 5.6 bede 
Endosulfan 0, .562 7 . 3 a 4.3 a 4. 0 c 2 .5 b 4 .3 c 4.5 de 
Phosmet1 1 .123 9 . 8 a 4.8 a 4. 0 c 5 .5 ab 9 .5 abc 6.7 bed 
Phosmet2 1 .123 7 . 0 a 7.0 a 7 . 8 abc 5 . 8 ab 11 .8 ab 7.9 be 
Az inphosmethyl 0 .281 6 . 0 a 8.0 a 6. 8 abc 6 .8 ab 9 .5 abc 7.4 be 
P>F (Anova) (>0. i 05) (>0.i 05) (<0.i 05) ( < '  0. 05) ( < <  D. 05) (<0.01) 
Means within a column followed by the same letter do not differ significantly (P=0.05 DMRT). 
1 Formulation is 50 WP. 
2 Formulation is 2.5 EC. 
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the insecticide treatments resulted in significant reductions 
in damaged squares compared to the UTC. The 0.056 kg (ai/ha) 
rate of fipronil resulted in the lowest number of damaged 
squares and was significantly different from all other 
insecticide treatments except for the other fipronil 
treatment and both rates of endosulfan. The standard 
insecticide in this test was azinphosmethyl and the only 
insecticide treatments with significantly fewer damaged 
squares were fipronil [0.056 kg (ai/ha)] and endosulfan 
[0.562 kg (ai/ha)]. 
Significant differences among treatments were not 
observed for the test conducted at the RRRS until the second 
evaluation date (Table 4.15). For the mean across dates, 
three (cypermethrin, methyl parathion, AC 303,630) of the 
seven insecticides did not result in significantly fewer 
damaged squares compared to that in the UTC. The cyfluthrin 
treatment resulted in significantly fewer damaged squares 
compared to that for all other insecticide treatments. 
Deltamethrin, zeta-cypermethrin and lambda-cyhalothrin 
resulted in significantly fewer damaged squares compared to 
that in the UTC but were significantly higher than that in 
the cyfluthrin treatment. 
Discussion 
Topical bioassays. The order of toxicity of the 11 
insecticides bioassayed by topical application against the 
Table 4.15. Efficacy of selected insecticides for boll weevil control at the Red River 
Research Station, Bossier City, LA. 
Boll weevil damage/50 squares 
Mean 
kg across 
Treatment (ai)/ha 9 Aug 18 Aug 23 Aug 27 Aug dates 
UTC 23.3 a 30 . 8 a 43 . 8 a 29 . 5 a 31.8 a 
Cyfluthrin 0 .033 17.0 a 11. 0 b 23 . 3 d 12 . 5 d 15.9 c 
Cypermethrin 0.08 20.0 a 29 . 8 cL 36. 0 be 22 . 0 be 26.9 ab 
Deltamethrin 0.017 21.3 a 22 . 5 ab 29 . 5 cd 16 . 0 cd 22.3 b 
Zeta-cypermethrin 0.04 18.8 a 21. 0 ab 39. 0 ab 13 . 3 d 23.0 b 
Methyl Parathion 0.25 18.8 a 31. 3 a 36 . 0 be 24 . 8 ab 27.7 ab 
Lambda-cyhalothrin 0.03 20.3 a 25 . 8 a 29 . .0 cd 17 . .8 bed 23 .2 b 
AC 303,630 0.4 22 .5 a 33 . 8 a 40. . 5 ab 31. . 0 a 31.9 a 
P>F (Anova) (>0.05) (<0.05) (<0.01) (<0.01) UO.Ol) 
Means within a column followed by the same letter do not differ significantly (P=0.05 DMRT) 
t o  
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GAST-LAB colony of boll weevils from the most toxic to least 
toxic was cyfluthrin > zeta-cypermethrin > fipronil > 
deltamethrin > azinphosmethyl > cypermethrin > methyl 
parathion > AC 303,630 > oxamyl > endosulfan > malathion. 
The pyrethroids as a class were generally the more toxic 
insecticides to boll weevils. However, the order of toxicity 
of the insecticides in laboratory bioassays are not 
necessarily indicative of their performance in the field. 
Field performance is determined by not only inherent toxicity 
but also by dosage rate as well as the chemical and physical 
characteristics for each insecticide as it is formulated. 
Organophosphorus insecticides. The 48 h LD50 values for 
the GAST-LAB colony and all of the field colonies for 
azinphosmethyl were similar to the 48 h values of 0.01-0.12 
(Rathinam 1979), 0.04-0.08 (Hopkins et al. 1984), 0.02-0.18 
(Pavloff 1982), 0.0092-0.13 (Wolfenbarger et al. 1986) and 
0.04 (Leonard et al. 1989) reported earlier. Variation found 
in the responses of field collections of boll weevils (0.011 
to 0.107 |iig/weevil, a 10X difference) in this study is 
similar to the 12X difference noted by Rathinam (1979), the 
9X difference observed by Pavloff (1982) and the 14X 
difference reported by Wolfenbarger et al. (1986) . However, 
five of the 22 field collections had 48 h LD50s that were 
significantly higher than that for the GAST-LAB colony. Four 
of these five field collections were made in either Bossier 
or Caddo Parish. 
In a previous study, Rathinam (1979) compared the 
toxicity of malathion to boll weevils from nine states. The 
48 h LD50 values reported in that study ranged from 0.22 
/xg/weevil exhibited by weevils from Scott County, MS to 1.15 
jug/weevil for weevils from Weslaco, TX. The GAST-LAB colony 
and all but two of the field collections in this study 
exhibited 48 h LD50s within the range reported by Rathinam 
(1979) and the value (1.24 ^ g/weevil) reported by Hopkins et 
al. (1975) for a laboratory colony. The Bossier (1992) and 
the Caddo (1992) field collections exhibited significantly 
higher LD50's compared to the GAST-LAB colony and all of the 
other field collections in the present study including 
collections from the same locations made during 1993. The 
LD50 values of the 1992 collections from Bossier and Caddo 
parishes were 6X greater than that of the GAST-LAB colony and 
4X greater than the LD50 values determined for collections 
from the same parishes in 1993. 
The 48 h LD50 values for the GAST-LAB colony (0.087 
/xg/weevil) and all of the field collections (range was 0.028-
0.069 fxg/weevil) for methyl parathion were similar to the 
values 0.03-0.08, 0.04-0.13, 0.05-0.06, and 0.05 presented by 
Rathinam (1979), Pavloff (1982), Hopkins et al. (1984), and 
Leonard et al. (1989), respectively. Additionally, there has 
been little if any change in methyl parathion toxicity during 
the last 30 years based on LD50 data (0.03-0.06 pig/weevil) 
from the early 196C's (Graves & Roussel 1962) . 
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The organophosphorus insecticides particularly 
azinphosmethyl and methyl parathion, have been the 
insecticides of choice for boll weevil control for nearly 
four decades. Malathion has been used almost exclusively in 
the boll weevil eradication programs that have proven to be 
successful in the southeastern and southwestern parts of the 
Cotton Belt. All previous published data (Brazzel & Shipp 
1962; Graves & Roussel 1962; Fye et al. 1970; Hopkins et al. 
1975, 1984; Rathinam 1979; Pavloff 1982; Wolfenbarger et al. 
1986; Leonard et al. 1989; Martin et al. 1993) and the 
results presented herein do not provide clear and convincing 
evidence of resistance to the organophosphorus insecticides 
in boll weevils from the United States. However, Laboucheix 
& Gonzales (1987) and Swezey & Salamanica (1987) reported 
extremely high LD50 values (up to 1.73 /xg/weevil) for methyl 
parathion against weevils from Nicaragua. Also Wolfenbarger 
et al. (1993) reported an LD50 of 0.44 /zg methyl 
parathion/weevil for a Guatemalan field strain tested in 
1991. Thus at least for methyl parathion, published LD50 
values for boll weevils from Central America are much higher 
than those reported from the United States. 
Carbamate insecticides. Data on the toxicological 
responses of the boll weevil to oxamyl reported herein (data 
from 1991 and 1992 previously reported in Martin et al. 1993) 
(Table 4.5) serve as baseline reference data. The LD50 of the 
GAST-LAB colony to oxamyl was 0.211 jLtg/weevil and was 
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significantly higher than that for 13 of the 18 field 
collections tested. Bossier (1992 Fall) was the only field 
collection to exhibit a higher LD50 ( 0 . 3 9 7 jug/weevil) than the 
GAST-LAB colony (resistance ratio of 1.88X), although it was 
not significantly higher. No evidence of resistance in the 
boll weevil to oxamyl was observed. This is not surprising 
because oxamyl has never been used extensively on cotton 
against boll weevils or other insect pests of cotton. 
Cyclodiene insecticides. After less than a decade of 
widespread use against boll weevils and other insect pests of 
cotton, resistance was documented in Louisiana (Roussel & 
Clower 1955, Roussel & Clower 1957) to cyclodiene 
insecticides such as endrin, dieldrin and heptachlor. No 
baseline toxicity data were found for endosulfan in previous 
studies and it is not known whether boll weevils ever 
exhibited resistance to this particular cyclodiene. However, 
no evidence of resistance to endosulfan was found in any of 
the seven field collections tested during 1993. In fact, all 
of the LD50 values for the field collections were 
significantly less than that for the GAST-LAB colony. 
Endosulfan has not been used extensively for boll weevil 
control but its use as an aphicide on cotton is increasing. 
Pyrethroid insecticides. Fifteen of the 23 field 
collections of boll weevil had LD50 values that were 
significantly higher than that of the GAST-LAB colony. The 
remaining eight, field collections had LD50 values that were 
129 
not significantly different from that of the GAST-LAB colony. 
The 5IX range in LD50 values for the 23 field collections 
tested in 1991, 1992 and 1993 plus the fact that 19 of the 23 
colonies had LD50s that were significantly higher than that 
of the GAST-LAB colony suggests that cypermethrin resistance 
may be developing in boll weevils particularly in Bossier and 
Caddo parishes of Louisiana. However, Rathinam (1979) 
reported 43X and 261X ranges in 48 h LD50s of boll weevils 
from nine states to permethrin and fenvalerate, respectively. 
These tests were done prior to the widespread use of 
pyrethroids for bollworm/tobacco budworm control in cotton. 
Eighteen of the 23 field-collections tested with 
cypermethrin in this study had LD50 values that were not 
significantly different from the LD50 reported by Leonard et 
al. (1989) for an Alexandria, LA (Rapides Parish) field 
collection (0.13 /zg/weevil; 95% CL 0.054-0.253). Similarly, 
nineteen of the 23 field collections had LD50s that were 
either less than or equal to the LD50 of a laboratory colony 
(0.14 /xg/weevil; 95% CL 0.121-0.157) reported by Hopkins et 
al. (1984) prior to the widespread use of pyrethroids. The 
LD50 reported by Leonard et al. (1989) for a St. Joseph, 
(Tensas Parish) collection was 0.43 ^g/weevil (95% CL 0.336-
0.593) and was significantly higher than the LDS0's of the 
laboratory colonies tested by Hopkins et al. (1984). This 
LD50 response of the St. Joseph collection was also 
significantly higher than all but four of the field 
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collections tested in this study. The four field collections 
that had LD50 values similar to that of the St. Joseph (Tensas 
Parish) collection reported by Leonard et al. (1989) were 
collected in Bossier and Caddo parishes. LD50s of boll 
weevils collected in Tensas Parish in 1991, 1992 and 1993 
were significantly lower than that reported by Leonard et al. 
(1989) . In context of historical data reported by Hopkins et 
al. (1984) and Leonard et al. (1989), there was no conclusive 
evidence of resistance to cypermethrin in the field 
collections of boll weevil made during 1991, 1992 and 1993 
from eleven Louisiana parishes. 
The toxicological responses (LD50) to cyfluthrin (8 field 
collections), deltamethrin (5 collections) and zeta-
cypermethrin (5 collections) were less variable than that 
observed for cypermethrin. The range of the LD50s for the 
field collections to cyfluthrin, deltamethrin and zeta-
cypermethrin was 20X, 6X and 4X, respectively. However, boll 
weevils from Bossier Parish again had the highest LD50s of all 
the field collections. These LD50s were all significantly 
higher than that of the GAST-LAB colony. Deltamethrin is not 
registered for use an cotton in the United States and zeta-
cypermethrin has only been used on cotton for two years. 
Cyfluthrin has been used for several years but not as long as 
cypermethrin. Because no previous LD50 data were found for 
the toxicological responses of boll weevils to cyfluthrin, 
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deltamethrin and zeta-cypermethrin, the data reported herein 
serve as a baseline for further studies. 
Experimental insecticides. No indications of cross-
resistance to fipronil and AC 303,630 were observed. In 
fact, none of the field colonies tested with fipronil or AC 
303,630 had LD50s significantly higher than that of the GAST-
LAB colony. These data will serve as baseline responses for 
further studies. 
Seasonal variation. Seasonal variation in the 
effectiveness of insecticides against boll weevils was first 
documented by Rainwater & Gaines (1951). They found that 
cyclodienes were only about 50% as effective when applied to 
cotton fields in October as in July. Reiser et al. (1953) 
explained this phenomenon as being due to the liposoluble 
cyclodienes being sequestered in lipids, which were highest 
in boll weevils late in the year. In a study to evaluate 
variation in seasonal susceptibility to the pyrethroid 
permethrin, Pavloff (1982) found that topical LD50s were 
higher in August than in May or July. However, comparisons 
in this study between responses to azinphosmethyl, 
cyfluthrin, cypermetnrin, malathion, methyl parathion, oxamyl 
and zeta-cypermethrin of Spring and Fall field collections 
from the same location do not indicate decreased 
susceptibility during the late season to these insecticides. 
In fact, there was generally as much variation in LD50s of 
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boll weevils from the same location from Spring to Spring as 
there was from Spring to Fall. 
Field tests. The tests conducted at the MRS (Franklin 
Parish) were sprayed every three-four days to simulate the 
typical method of reducing an outbreak of boll weevils by a 
cotton producer. As a result, all insecticide treatments 
significantly reduced damaged squares below that of the UTC. 
The trend relative to the effectiveness of the different 
classes of insecticides was generally similar to the trend of 
the laboratory topical bioassays. The pyrethroids and 
fipronil were the most efficacious compounds, followed 
closely by endosulfan. AC 303,630 and phosmet were similar 
in efficacy to the standard insecticide azinphosmethyl. 
The test conducted at the RRRS (Bossier Parish) was more 
representative of spray intervals (6-7 day) used to control 
bollworm/tobacco budworm populations rather than boll weevil 
populations. This extended spray interval challenges the 
inherent toxicity of insecticides and also gives some measure 
of residual efficacy. Based on this test, the pyrethroid 
insecticides performed as good as or better than the standard 
insecticide methyl parathion. 
Implications 
Based on the laboratory and field tests reported herein, 
there was no evidence of resistance to carbamate, cyclodiene, 
organophosphorus, pyrrole and phenyl pyrazole insecticides 
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detected in boll weevils collected from 11 Louisiana parishes 
during 1991-1993. The experimental phenyl pyrazole fipronil 
showed great promise for boll weevil control. LD50s reported 
in this study for AC 303,630, deltamethrin, endosulfan, 
fipronil, oxamyl and zeta-cypermethrin serve as baseline data 
for future studies with these insecticides. 
Although the toxicological responses of field 
collections of boll weevil to pyrethroids, particularly 
cypermethrin, varied greatly, there was no conclusive 
evidence of resistance. However, the highest LD50 values for 
the majority of the insecticides tested in this study were 
from Bossier and Caddo Parishes in Northwest Louisiana. In 
the field tests, pyrethroids were generally more effective 
than other currently registered insecticides. Kanga & Plapp 
(1992) have reported (using the adult vial test) on the 
responses of boll weevils from Southeast Arkansas which 
suggests that cyfluthrin resistance may be developing in that 
location. Continued monitoring of boll weevils from 
Northwest Louisiana is needed to determine if resistance to 
the pyrethroids is developing in this area. 
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SUMMARY AND CONCLUSIONS 
Topical bioassays to develop dose-mortality lines for 
cypermethrin, endosulfan, methomyl, profenofos, and sulprofos 
were conducted with the LSU laboratory colony (LSU-LAB) and 
field-collected colonies of tobacco budworm from Louisiana, 
Mississippi and Texas. The field-collected colonies 
exhibited low to high levels of resistance to cypermethrin 
(l-41x), low to moderate levels of resistance to profenofos 
and sulprofos (l-8x) and low to moderate levels of resistance 
to methomyl (2-6x) compared to the LSU-LAB colony. 
Conversely, LD50 values for endosulfan were lower for the 
field-collected colonies than for the LSU-LAB colony. 
A topical diagnostic dose bioassay was developed to 
facilitate the testing of field-collected colonies of tobacco 
budworm in the F-! laboratory generation to several classes of 
insecticides. The results of these tests demonstrate that a 
topically applied diagnostic dose bioassay can be used to 
effectively and efficiently monitor insecticide resistance in 
tobacco budworm. Comparisons between the resistance ratios 
of the RRS-JN-92 and HAR-92 field-collected colonies to 
cypermetnrin, profenofos or endosulfan and the highly 
significant differences (P<_0.01) in mortality levels of these 
colonies to the diagnostic doses of these insecticides 
compared to the LSU-LAB colony response to these same 
insecticides demonstrate the usefulness of the diagnostic 
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dose bioassay to distinguish between resistant and 
susceptible tobacco budworm colonies. 
Topical diagnostic dose bioassays of representative 
carbamate, cyclodiene, organophosphorus and pyrethroid 
insecticides were conducted on the LSU-LAB colony, a 
laboratory reference colony from North Carolina (NC-LAB) and 
field-collected colonies (1992 and 1993) from Louisiana, 
Oklahoma and Texas. Comparisons between the LSU-LAB and NC-
LAB colonies showed no significant differences in their 
responses to these insecticides except for significantly 
higher susceptibility to profenofos exhibited by the NC-LAB 
colony. Significant levels of resistance to cypermethrin, 
profenofos, methomyl and endosulfan were exhibited by the all 
of the 1992 and 1S93 field-collected colonies in comparison 
to the two laboratory reference colonies. 
A diagnostic concentration diet bioassay was also 
developed for testing thiodicarb. The NC-LAB colony was 
significantly more susceptible to the diagnostic 
concentration of thiodicarb than the LSU-LAB colony. All but 
one of the 1993 field-collected colonies exhibited 
significant levels of resistance to thiodicarb compared to 
the LSU-LAB colony. 
In preliminary studies with the synergist piperonyl 
0 
butoxide (PBO), significant increases in the amount of 
unpenetrated "C-cypermethrin occurred in larvae pretreated 
with levels of PBO ranging from 3.13 to 100 /xg/larva. These 
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increases in the amount of unpenetrated 14C-cypermethrin are 
likely the result of applying PBO and 14C-cypermethrin at the 
same location even though 3 0 minutes were allowed between the 
applications. The significant reductions in the penetration 
of 14C-cypermethrin did not result in significant reductions 
in mortality. The lack of differences in mortality is 
probably due to the relatively low dose of 14C-cypermethrin 
and to the susceptibility of the LSU-LAB colony. Because of 
these results, synergist bioassays with field-collected 
colonies were conducted by applying the synergist and 
insecticide at different locations on the dorsal surface of 
the insect to prevent reductions in insecticide penetration. 
Also, these data suggest that effects on penetration by PBO 
could be a limiting factor in its use for synergism of 
insecticides under field conditions. 
Bioassays with PBO and cypermethrin combinations 
resulted in significant increases in mortality for ten of the 
twenty colonies tested compared to cypermethrin alone. 
Significant decreases in mortality were observed for both 
laboratory reference colonies to a diagnostic dose of 
profenofos when pretreated with PBO. However, two of the 
1993 field-collected colonies exhibited significant increases 
in mortality with the diagnostic dose of profenofos after 
pretreatment with PBO. Three of the 1993 field-collected 
colonies exhibited significant increases in mortality to 
methomyl after pretreatment with PBO. Two of the seven 
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field-collected colonies tested with thiodicarb exhibited 
significant increases in mortality after pretreatment with 
PBO. Synergism of cypermethrin, methomyl, profenofos and 
thiodicarb by PBO observed in this study indicates that the 
mixed-function oxidases are a measurable component of the 
resistance to these insecticides in some populations of 
tobacco budworm collected during 1992 and 1993 in Louisiana, 
Oklahoma and Texas. 
No synergism of cypermethrin or profenofos was observed 
with either diethyl maleate (DEM) or triphenyl phosphate 
(TPP) in 1992 bioassays. The data indicate that neither 
carboxyesterases nor glutathione S-transferases have an 
important role in the resistance mechanisms to the pyrethroid 
or organophosphorus insecticides in these tobacco budworm 
populations. 
Data from a field test with cypermethrin and PBO 
combinations indicated significant reductions in 
bollworm/tobacco budworm damage and numbers of live larvae 
were achieved with cypermethrin [0.09 kg (ai/ha) ] + PBO [1.12 
kg (ai/ha)] compared to cypermethrin [0.09 kg (ai/ha)] alone. 
These data, in addition to the laboratory data, suggest that 
metabolic resistance to pyrethroids is widespread in tobacco 
budworm populations. 
The order of toxicity of 11 insecticides bioassayed 
by topical application against the GAST-LAB reference colony 
of boll weevils from the most toxic to least toxic was 
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cyfluthrin > zeta-cypermethrin > fipronil > deltamethrin > 
azinphosmethyl > cypermethrin > methyl parathion > AC 303,630 
> oxamyl > endosulfan > malathion. In general, the 
pyrethroids were the most toxic class of insecticides to boll 
weevils followed by the phenyl pyrazoles, the 
organophosphorus insecticides, the pyrroles, the carbamates 
and the cyclodienes. However, the insecticide(s) from each 
class that was (were) tested may not have been the most toxic 
representative(s) of that class to boll weevil. 
The organophosphorus insecticides particularly, 
azinphosmethyl and methyl parathion, have been the 
insecticides of choice for control of boll weevil for almost 
four decades. Malathion has been used almost exclusively in 
the boll weevil eradication programs that have proven to be 
successful in the southeastern and southwestern areas of the 
Cotton Belt. Neither previous publications nor data 
presented herein provide clear and convincing evidence of 
resistance to the organophosphorus insecticides in boll 
weevils from the United States. 
Data on the toxicological responses of the boll weevil 
to oxamyl reported herein (data from 1991 and 1992 previously 
reported in Martin et al. 1993) serve as baseline reference 
data. The LD50 of the GAST-LAB reference colony to oxamyl was 
significantly higher than 13 of the 18 field collections 
tested. Bossier (1992 Fall) was the only field collection to 
exhibit a higher LD50 than the GAST-LAB reference colony, 
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although it was not significantly higher. Thus, no evidence 
of resistance in the boll weevil to oxamyl was observed. 
This is not surprising because oxamyl has never been used 
extensively on cotton against boll weevils or other insect 
pests of cotton. 
Since no baseline toxicity data were found for 
endosulfan, it is not known whether or not boll weevils ever 
exhibited resistance to this cyclodiene as they have 
previously to other cyclodiene insecticides (e.g. endrin, 
dieldrin and heptachlor). However, no evidence of resistance 
to endosulfan was found in any of the seven field collections 
tested during 1993. In fact, all of the LC50 values for the 
field collections were significantly less than that of the 
GAST-LAB reference colony. Endosulfan is seldom used for 
boll weevil control but its use as an aphicide on cotton is 
increasing. 
Fifteen of the 23 field collections of boll weevil had 
LD50 values to cypermethrin that were significantly higher 
than that of the GAST-LAB reference colony. The remaining 
eight field collections had LD50 values to cypermethrin that 
were not significantly different from that of the GAST-LAB 
reference colony. The 51X range in LD50 values for the 23 
field collections tested in 1991, 1992 and 1993 plus the fact 
that 19 of the 23 colonies had LD50s that were significantly 
higher than that of the GAST-LAB reference colony suggests 
that resistance to cypermethrin may be developing in boll 
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weevils particularly in Bossier and Caddo parishes. However, 
in context of historical data reported by Hopkins et al. 
(1984) and Leonard et al. (1989), there was no conclusive 
evidence of resistance to cypermethrin in the field 
collections of boll weevil made during 1991, 1992 and 1993 
from eleven parishes in Louisiana. 
The toxicological responses (LD50) to cyfluthrin (8 field 
collections), deltamethrin (5 collections) and zeta-
cypermethrin (5 collections) were less variable than that 
observed for cypermethrin. The range of the LD50s for the 
field collections to cyfluthrin, deltamethrin and zeta-
cypermethrin was 20X, 6X and 4X, respectively. However, boll 
weevils from Bossier Parish again had the highest LD50s of all 
the field collections and these LD50s were all significantly 
higher than that of the GAST-LAB reference colony. 
Deltamethrin is not registered for use on cotton in the 
United States and zeta-cypermethrin has only been used on 
cotton for two years. Cyfluthrin has been used for several 
years but not as long as cypermethrin. Since no previous 
data were found for the toxicological responses (using the 
Entomological Society of America standard test method for 
detecting resistance in the boll weevil - Anonymous 1968) of 
boll weevils to cyfluthrin, deltamethrin and zeta-
cypermethrin, the data reported herein serve as a baseline 
for further studies. 
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No indications of cross-resistance to the novel 
insecticides fipronil and AC 303,630 were observed. In fact, 
none of the field colonies tested with fipronil or AC 303,630 
had LD50S that were significantly higher than that of the 
GAST-LAB reference colony. Also the data reported for these 
two insecticides will serve as baseline responses for further 
studies. 
Seasonal variation in. the effectiveness of insecticides 
against boll weevils was first documented by Rainwater & 
Gaines (1951). However, comparisons in this study between 
responses to azinphosmethyl, cyfluthrin, cypermethrin, methyl 
parathion, oxamyl and zeta-cypermethrin of Spring and Fall 
field collections from the same location do not indicate 
decreased susceptibility during the late season to these 
insecticides. In fact, there was generally as much variation 
in LD50S of boll weevils from the same location from Spring 
to Spring as there was from Spring to Fall. 
The field tests conducted at the MRS (Franklin Parish) 
were sprayed every three-four days to simulate the typical 
method of reducing an outbreak of boll weevils by a cotton 
producer. All insecticide treatments significantly reduced 
square damage below that of the UTC. The trend relative to 
the effectiveness of the different classes of insecticides 
was generally similar to the trend of the laboratory topical 
bioassays. The pyrethroids and the phenyl pyrazole fipronil 
were the most efficacious compounds, followed closely by the 
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cyclodiene endosulfan. The pyrrole AC 303,630 and the 
organophosphorus insecticide phosmet were similar in efficacy 
to the organophosphorus insecticide standard azinphosmethyl. 
The field test conducted at the RRRS (Bossier Parish) 
was more representative of spray intervals (6-7 day) used to 
control bollworm/tobacco budworm populations rather than boll 
weevil populations. This spray interval in addition to 
challenging the inherent toxicity of insecticides also gives 
some measure of residual effectiveness. Based on this test, 
the pyrethroid insecticides performed as good as or better 
than the organophosphorus insecticide standard methyl 
parathion. At the dosage rate and application intervals 
tested, the pyrrole AC 303,630 was ineffective against boll 
weevil. 
APPENDIX 
SEVENTY-TWO HOUR DOSE-MORTALITY 
RESPONSES OF BOLL WEEVILS TO SELECTED INSECTICIDES 
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Table A.l. Dosage-mortality responses of boll weevils from selected locations to 
azinphosmethyl. 
Number 72 Hour Resistance 
Colonv tested LD-501 95% CL) Slope + SE Ratio2(95% CL) Y2 
GAST-LAB 460 0 028 (0 .021--0 .041) 2 85 + 0 29 NA 8 26 
Spring 1991 
Franklin 145 0 .015 (0 . 010--0 .019) 4 80 + 1 32 0 . 52 (0 38--0 70) 0 23 
Rapides 181 0 022 (0 . 014--0 .030) 3 .92 + 1 07 0 . 79 (0 55--1 13) 0 64 
Bossier 210 0 .011 (0 .005--0 .017) 2 .99 + 0 86 0 . 39 (0 23--0 66) 1 17 
Tensas 254 0 .015 (0 .011--0 .019) 3 .38 + 0 72 0. 52 (0 39--0 70) 1 12 
Spring 1992 
Bienville 200 0 .037 (0 .018--0 .048) 4 .34 + 1 31 1. 30 (0 89--1 90) 0 11 
Caddo 200 0 .057 (0 .046--0 .069) 3 .17 + 0 55 2 . 00 (1 59--2 52) 1 63 
Concordia 138 0 .025 (0 .012--0 .031) 4 .59 + 1 52 0. 87 (0 62--1 24) 1 33 
Franklin 105 0 .028 (0 .023--0 .034) 6 .91 + 1 72 1. 10 (0 82--1 24) 0 05 
Rapides 177 0 047 (0 .035--0 .064) 1 .84 + 0 35 1. 64 (1 06--2 55) 1 79 
Tensas 120 0 .023 (0 .016--0 .029) 4 .40 + 0 97 0 81 (0 61--1 08) 0 66 
Fall 1992 
Bossier 200 0 .089 (0 . 077--0 .113) 4 .66 + 1 07 3 61 (2 58--3 88) 1 57 
Caddo 150 0 .057 (0 . 047--0 .071) 4 .96 + 1 01 2 02 (1 62--2 52) 0 24 
Franklin 291 0 .025 (0 .020--0 .029) 6 .53 + 1 53 0. 89 (0 72--1 .10) 0 05 
Spring 1993 
Bossier 210 0 .038 (0 .025--0 .054) 2 .08 + 0 44 1. 33 (0 91--1 95) 0 45 
Bossier 180 0 .029 (0 .016--0 .040) 2 .83 + 0 64 1. 02 (0 67--1 54) 0 70 
Caddo 150 0 .033 (0 .020--0 .046) 2 .42 + 0 57 1. 17 (0 81--1 69) 2 41 
Concordia 130 0 .015 (0 .009--0 .021) 3 .33 + 0 83 0. 53 (0 37--0 77) 1 99 
Franklin 181 0 044 (0 .037--0 .053) 4 .38 + 0 75 1. 56 (1 27--1 91) 0 02 
Grant 130 0 .019 (0 .013--0 .027) 2 .44 + 0 45 0 . 68 (0 47--0 97) 1 01 
Natchitoches 130 0 017 (0 .012--0 .022) 3 .43 + 0 68 0 . 59 (0 42--0 84) 1 .48 
Rapides 180 0 .025 (0 . 016--0 .036) 1 .98 + 0 33 0 . 89 (0 55--1 46) 0 .89 
Tensas 181 0 .021 (0 .015--0 .027) 2 . 77 + 0 44 0 73 (0 56--0 .96) 2 .21 
1 Expressed as [ig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
Table A.2. Dosage-mortality responses of boll weevils from selected locations to malathion. 
Colonv 
Number 
tested 
72 
LD-50 
Hour 
1 (95% CL) Slope + SE 
Resistance 
Ratio2(95% CL) y 2 
GAST-LAB 414 0 554 0 .473 -0 .642) 3 61 + 0 .46 NA 4 . 17 
Spring 1991 
Tensas 180 0 127 0 . 077 -0 .172) 3 57 + 0 .98 0 . 23 (0 .16-0. 33) 0 . 83 
Spring 1992 
Bienville 320 0 227 0 .185 -0 .260) 5 27 + 1 . 17 0 . 41 (0 .37-0. 46) 1. 10 
Tensas 115 0 332 0 .199 -0 .464) 2 66 + 0 .56 0 . 60 (0 .41-0. 88) 2 . 19 
Fall 1992 
Caddo 150 1 802 1 .007 -8 .013) 1 23 + 0 .35 3 . 23 (1 .55-6. 75) 2 . 37 
Bossier 340 2 847 1 .819 -5 .243) 1 66 + 0 .27 5 . 12 (3 .94-6. 65) 9 . 12 
Franklin 440 0 172 0 .082 -0 .262) 2 39 + 0 .33 0 . 31 (0 .22-0. 42) 11. 51 
Spring 1993 
Bossier 180 1 138 0 . 743 -3 . 445) 2 12 + 0 . 89 2 . 06 (1 .10-3. 88) 0 . 30 
Bossier 210 0 248 0 .115 -0 .411) 1 54 + 0 .35 0 45 (0 .26-0. 79) 0 . 90 
Caddo 200 0 700 0 .563 -0 .890) 3 97 + 0 .91 1 26 (0 .99-1. 61) 0 . 62 
Concordia 240 0 126 0 .089 -0 .167) 2 .57 + 0 .45 0 23 (0 .16-0. 32) 2 . 01 
De Soto 180 0 176 0 . 074 -0 .267) 2 .81 + 0 .73 0 32 (0 .19-0. 53) 1. 42 
Franklin 298 0 100 0 .044 -0 .162) 2 .46 + 0 .41 0 18 (0 .13-0. 26) 3 51 
Grant 120 0 262 0 .099 -0 .359) 3 .75 + 1 .30 0 47 (0 .31-0 74) 0 50 
Natchitoches 211 0 154 0 .089 -0 .225) 2 .95 + 0 .64 0. 28 (0 .18-0. 43) 0. 32 
Rapides 150 0 335 0 . 187 -0 .879) 1 .42 + 0 .37 0. 61 (0 .32-1. 15) 1. 02 
Tensas 120 0 129 0 .100 -0 .158) 4 .59 + 0 .93 0. 23 (0 .19-0. 29) 0. 14 
1 Expressed as //g of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
3 90% confidence limits. 
H 
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Table A.3. Dosage-mortality responses of boll weevils from selected locations to methyl 
parathion. 
Colonv 
Number 
tested 
7 2 Hour 
LD-501(95% CL) Slope : + SE 
Resistance 
Ratio2(95% CL) Y2 
GAST-LAB 750 0 . 087 (0 . 077 -0 .101) 5 . ,63 + 0 . 70 NA 9 . 37 
Spring 1992 
Tensas 167 0 .  028 (0 .022 -0 .034) 4 . 21 + 0 . 60 0 . 32 (0 .27--0 . 39) 3 . 58 
Fall 1992 
Bossier 310 0. 060 (0 .040 -0 .073) 5 . 48 + 1. 03 0. 69 (0 .59--0. 81) 9. 46 
Caddo 150 0 . 067 (0 .054 -0 .102) 3 . 05 + 0 . 81 0 . 77 (0 .60--0 . 98) 2 . 46 
Franklin 302 0. 052 (0 .045 -0 .058) 5 . 91 + 1. 00 0 . 60 (0 .53--0. 68) 2 . 67 
Spring 1993 
Bossier 210 0 .036 (0 .026 -0 .043) 4 . 77 + 0 . 98 0 . 41 (0 .32--0 . 53) 1, .34 
Bossier 180 0 .020 (0 . 014 -0 .025) 3 . 16 + 0 . 58 0. 22 (0 .18--0 . 27) 1. 65 
Caddo 130 0 .035 (0 .023 -0 .044) 4 . 00 + 0 . 89 0 . 40 (0 .29--0. 55) 0. 58 
Concordia 180 0 .031 (0 .026 -0 .036) 6 , .99 + 1. 59 0 . 36 (0 .30--0 , .42) 0 .25 
Franklin 180 0 . 059 (0 .048 -0 . 074) 2 . 65 + 0 . 44 0. 68 (0 .61--0 . 76) 1. 66 
Grant 190 0 .029 (0 .019 -0 .036) 4 . 85 + 1. 17 0 . 33 (0 .25--0. 43) 1. 24 
Natchitoches 270 0 .036 (0 .025 -0 .045) 4 . 29 + 0. 96 0 . 42 (0 .32--0 , .54) 0. 99 
Rapides 210 0 . 044 (0 .034 -0 .053) 3 , .92 + 0 . 90 0 . 51 (0 .44--0 , .59) 0 .64 
Tensas 180 0 .040 (0 .030 -0 .047) 4 , .83 + 0 . 94 0 . 46 (0 .38--0, .56) 1 .48 
Fall 1993 
Tensas 111 0 .048 (0 .036 -0 .057) 5 .36 + 1, .19 0 . 55 (0 .45--0 .67) 0 .89 
1 Expressed as fig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
H 
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Table A.4. Dosage-mortality responses of boll weevils from selected locations to oxamyl. 
Colonv 
Number 
tested 
7 2 Hour 
LD-501(95% CL) Slope + SE 
Resistance 
Ratio2(95% CL) Y2 
GAST-LAB 460 0 197 (0 165 -0 .263) 2 31 + 0 22 NA 5 72 
Spring 1991 
Tensas 180 0 042 (0 019 -0 . 060) 2 46 + 0 68 0 . 21 (0 14--0 . 34) 2 71 
Spring 1992 
Bienville 290 0 087 (0 072 -0 .104) 4 80 + 0 89 0 . 44 (0 .37--0. 52) 4 44 
Caddo 200 0 266 (0 163 -0 .807) 2 02 + 0 69 1. 35 (0 .76--2 . 42) 0 11 
Concordia 131 0 123 (0 081 -0 .425) 1 94 ± 0 59 0 . 62 (0 .34--1. 14) 2 38 
Franklin 113 0 052 (0 035 -0 .068) 2 27 + 0 50 0 26 (0 .18--0 . 39) 1 56 
Rapides 95 0 096 (0 073 -0 .139) 3 69 + 0 93 0 49 (0 .36--0 . 65) 2 39 
Tensas 150 0 091 (0 061 -0 .156) 3 20 + 0 51 0. 46 (0 .42--0 . 51) 4 26 
Fall 1992 
Bossier 340 0 .347 (0 274 -0 .429) 2 54 + 0 34 1. 76 (1 .54--2 . 01) 5 36 
Caddo 165 0 .156 (0 122 -0 .208) 2 63 + 0 41 0. 79 (0 .63--0. 99) 1 98 
Franklin 421 0 .096 (0 072 -0 . 117) 3 76 + 0 92 0 49 (0 .40--0 . 60) 6 90 
Spring 1993 
Bossier 240 0 .037 (0 024 -0 .050) 2 13 + 0 40 0 19 (0 .13--0. 28) 2 01 
Caddo 252 0 .051 (0 041 -0 .092) 3 14 + 1 06 0 26 (0 .19--0 . 36) 0 47 
Concordia 240 0 041 (0 017 -0 .104) 1 69 + 0 37 0 21 (0 .13--0 . 34) 3 01 
Franklin 120 0 .016 (0 009 -0 .025) 2 31 + 0 51 0 08 (0 .05--0 . 13) 0 01 
Grant 290 0 .057 (0 032 -0 .092) 2 35 + 0 58 0 29 (0 .18--0 . 48) 0 88 
Natchitoches 420 0 .027 (0 017 -0 .037) 1 85 + 0 34 0 14 (0 .09--0 . 21) 1 68 
Rapides 180 0 .064 (0 045 -0 .091) 2 82 + 0 55 0. 32 (0 .24--0 . 44) 1 02 
Tensas 180 0 .036 (0 026 -0 .045) 3 15 + 0 68 0. 18 (0 .14--0 . 23) 2 49 
1Expressed as /ig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992] 
3 90% confidence limits. 
ui 
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Table A.5. Dosage-mortality responses of boll weevils from selected locations to endosulfan. 
Number 72 Hour Resistance 
Colonv tested LD-501(95% CL) Slope + SE Ratio2(95% CL) Y2 
GAST-LAB 170 0 . 437 (0 .339 -0 . 530) 3 . 88 + 0 . 89 NA 0 . 62 
Spring 1993 
Bossier 181 0 . 051 (0 .027 -0 . 073) 2 . 23 + 0 , .51 0 . 12 (0. 07 -0. 18) 1. 09 
Concordia 130 0 .039 (0 .017 -0 . 063) 1. 43 + 0 . 33 0 . 09 (0. 04 -0 . 18) 1. 86 
Franklin 250 0 .029 (0 .012 -0 . 044) 2 . 84 + 0 . 47 0 . 06 (0. 05 -0 . 10) 3 . 84 
Grant 240 0 .033 (0 .016 -0 . 054) 1. 73 + 0 .34 0 . 08 (0. 05 -0 . 12) 0 . 83 
Natchitoches 209 0 .053 (0 .018 -0 . 086) 2 , .16 ± 0 .66 0 . 12 (0, .07 -0 . 22) 0. 83 
Rapides 120 0 .040 (0 .016 -0 . 077) 2 , .42 + 0 .46 0 . 09 (0. 06 -0. 15) 3 , .59 
Tensas 240 0 .034 (0 .021 -0 . 049) 1. 62 ± 0 .30 0 . 08 (0. 04 -0 , .14) 1, .28 
1 Expressed as fig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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Table A. 6. Dosage-mortality responses of boll weevils from selected locations to 
cypermethrin. 
Number 7 2 Hour Resistance 
Colonv tested LD-501(95% CL) Slope + SE Ratio2 (95% CL) X 2 
GAST-LAB 715 0 035 (0 .029 -0.041) 2 00 + 0 .16 NA 2 . 41 
Spring 1991 
Franklin 189 0 088 (0 .051 -0.124) 2 50 + 0 .56 2 54 1 66-3.86) 2 . 07 
Rapides 150 0 057 (0 032 -0.088) 2 43 + 0 .71 1 65 1 21-2.25) 0 . 95 
Tensas 209 0 073 (0 .022 -0.145) 
Spring 
1 
1992 
20 + 0 .38 2 10 1 51-2.93) 5 . 79 
Bienville 190 0 063 (0 .046 -0.085) 2 10 + 0 .34 1 82 1 41-2.35) 2 . 82 
Caddo 170 0 321 (0 .178 -1.213) 1 30 + 0 .32 9. 28 4 06-21.24) 1. 61 
Concordia 120 0 074 (0 .043 -0.110) 2 20 + 0 .56 2 15 1 51-3.07) 1. 14 
Franklin 59 0 035 (0 .016 -0 .062) 1 63 + 0 .46 1. 01 0 69-1.49) 1. 62 
Rapides 118 0 068 (0 .034 -0.171) 2 16 + 0 .37 1. 96 1 35-2.85) 4. 11 
Tensas 180 0 058 (0 .036 -0.079) 
Fall 
2 
1992 
50 + 0 .53 1. 66 1 19-2.31) 1. 02 
Bossier 340 0 397 (0 .250 -0.690) 1 33 + 0 .20 11. 52 8 27-16.05) 6. 53 
Caddo 170 0 122 (0 .065 -0.281) 1 57 + 0 .26 3 54 2 37-5.29) 4. 95 
Franklin 421 0 018 (0 .008 -0.027) 2 37 + 0 .37 0 51 0 36-0 .74) 11 .62 
Tensas 121 0 015 (0 .007 -0.027) 
Spring 
1 
1993 
28 + 0 .25 0 44 0 25-0.76) 3 . 22 
Bossier 389 0 421 (0 .185 -2.032) 0 65 + 0 .16 12 32 4 64-32.74) 3 . 25 
Caddo 300 0 380 (0 .206 -0.660) 2 07 + 0 .45 10 96 6 55-18.36) 0 . 85 
Concordia 240 0 056 (0 .037 -0.083) 2 24 + 0 .62 1 61 1 20-2.15) 0 . 70 
Franklin 150 0 074 (0 .052 -0.134) 1 77 + 0 .39 2 11 1 .28-3.48) 1. 87 
Grant 180 0 083 (0 .059 -0.171) 2 18 + 0 .71 2 38 1 .62-3 .51) 0. 99 
Natchitoches 419 0 113 (0 .066 -0.181) 1 39 + 0 .25 3 29 1 .90-5.71) 1. 56 
Point Coupee 113 0 059 (0 .041 -0.105) 2 84 + 0 .97 1 70 1 .29-2 .25) 0 37 
Rapides 260 0 .037 (0 .016 -0.086) 1 62 + 0 .32 1 05 0 .89-1.24) 3 07 
Tensas 180 0 .063 (0 .039 -0.117) 
Fall 
1 
1993 
.66 + 0 .48 1 82 1 .20-2 .79) 1. 31 
Tensas 113 0 .031 (0 .018 -0.060) 1 88 + 0 .33 0 88 (0 .66-1.19) 4. 02 
1 Expressed as /xg of insecticide/weevil. ~ 
2 Calculated according to Robertson & Preisler (1992). £ 
! 
Table A.7. Dosage-mortality responses of boll weevils from selected locations to cyfluthrin. 
Number 7 2 Hour Resistance 
Colonv tested LD-! 501 (95% CL) Slope • SE Ratio 2(95% CL) Y2 
GAST-LAB 200 0 .004 (0 .002-0.006) 2. 55 + 0 .35 NA 3 . 69 
Fall 1992 
Bossier 120 0 . 088 (0 .054-0.132) 1. 82 + 0 .30 22 . .74 (16.42-31.50) 0 . 29 
Franklin 371 0 .008 (0 .003-0.016) 1. .12 + 0 .18 2 . 19 (1.59-3.01) 9 . 11 
Bossier 382 0 .023 (0 
Spring 1993 
.015-0.040) 1. 76 + 0 .46 6 . 04 (3.75-9.72) 1. 80 
Concordia 190 0 .008 (0 .005-0.011) 1. 87 + 0 .40 2 . 01 (1.27-3.19) 0 . 76 
Franklin 220 0 .006 (0 .003-0.010) 1. 23 + 0 .30 1. 47 (0.95-2.28) 1. 12 
Grant 150 0 .006 (0 .003-0.008) 2. 99 + 0 .95 1. 52 (1.31-1.76) 0 . 01 
Natchitoches 241 0 .043 (0 .022-0.320) 1. 35 + 0 .39 11. 19 (4.46-28.08) 2 . 59 
Tensas 210 0 .009 (0 .006-0.013) 2, .14 + 0 .43 2 . 38 (1.59-3.56) 1. 89 
1 Expressed 
2 Calculated 
as /xg of insecticide/weevil. 
according to Robertson & Preisler (1992). 
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Table A. 8. Dosage-mortality responses of boll weevils from selected locations to 
deltamethrin. 
Number 72 Hour Resistance 
Colonv tested LD-501(95% CL) SloDe + SE Ratio2(95% CL) Y2 
GAST-LAB 150 0 . 016 (0.009 -0.022) 2 .77 ± 0.58 NA 2 .99 
Spring 1993 
Bossier 332 0 . 034 (0.024 -0.049) 3.26 ± 0.83 2.10 (1.31-3.36) 0.01 
Concordia 280 0 . 030 (0.021 -0.037) 3 . 73 ± 0.79 1.86 (1.24-2.79) 0.05 
Franklin 250 0 , .007 (0.003 -0.011) 1.49 ± 0.31 0.44 (0.24-0.80) 0.11 
Natchitoches 209 0 , .031 (0.017 -0.096) 1.04 ± 0.28 1.94 (0.84-4.48) 0 .81 
Tensas 190 0 . 013 (0.008 -0.020) 1.97 + 0.43 0.80 (0.54-1.20) 2 .49 
1 Expressed as ng of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
(J! 
Table A.9. Dosage-mortality responses of boll weevils from selected locations to zeta-
cypermethrin. 
Colonv 
Number 
tested 
48 Hour 
LD-501(95% CL) Slope ! + SE 
Resistance 
Ratio2(95% CL) x2 
GAST-LAB 120 0 . 014 (0 .010 -0 .020) 3 . 27 + 0 . 65 NA 0 . 001 
Fall 1992 
Franklin 160 0 . 009 (0 .005 -0 .016) 1. 23 + 0 .22 0 .67 (0 .32--1. 39) 2 . 23 
Spring 1993 
Bossier 562 0 . 040 (0 . 030 -0 .055) 2 . 02 + 0 .34 2 .91 (1 .85--4 . 55) 2 . 02 
Concordia 330 0. 026 (0 . 016 -0 .035) 2 . 16 + 0 .41 1 .85 (1 . 09--3 . 13) 0. 88 
Franklin 250 0 .008 (0 .005 -0 .012) 1. 87 + 0 .36 0 .60 (0 .39--0 . 92) 1, .32 
Natchitoches 270 0 .015 (0 .009 -0 .022) 2 . 60 + 0 .49 1 . 11 (0 .67--1. 83) 0 . 79 
Tensas 330 0 .017 (0 .012 -0 .022) 1, .95 + 0 .28 1 .22 (0 .70--2 . 11) 1. 06 
1 Expressed as fig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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Table A.10. Dosage-mortality responses of boll weevils from selected locations to fipronil. 
Colonv 
Number 
tested 
7 2 Hour 
LD-501(95% CL) Slope : + SE 
Resistance 
Ratio2(95% CL) Y2 
GAST-LAB 210 0 .008 (0 .007 -0 . 010) 2 . 29 + 0 . 34 NA 1. 23 
Spring 1993 
Bossier 300 0 .005 (0 .003 -0 . 007) 1.  . 63 + 0 . 35 0 . 55 (0. 34 -0 , .89) 0 , .17 
Caddo 144 0 .005 (0 .004 -0 . 006) 4 . 37 + 0 . 95 0 . 61 (0 .45 -0 , .81) 0 , .91 
Concordia 241 0 .002 (0 .001 -0 . 003) 2 . 08 + 0 . 39 0 . 27 (0 . 17 -0 . 41) 0 .  58 
Franklin 250 0 .003 (0 .002 -0 . 004) 3 . 21 + 0 . 62 0 . 39 (0 .30 -0 , .51) 0 , .22 
Grant 270 0 .004 (0 .003 - 0 .  004) 4 . 92 + 0 . 82 0 .  45 (0 .36 -0 . 56) 1 .  03 
Natchitoches 269 0 .002 (0 .001 - 0 .  003) 2 . 35 + 0 .  47 0 .  30 (0 .24 -0 , .37) 2 .04 
Rapides 381 0 .005 (0 .004 -0 .  006) 3 . 02 + 0 . 65 0 .  63 (0 .46 -0 .  86) 0  .41 
Tensas 470 0  .004 (0 .003 -0 , .004) 3 .26 + 0 . 43 0 .  45 (0 .32 -0 , .62) 4 .88 
1 Expressed as fig of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
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Table A.11. Dosage-mortality responses of boll weevils from selected locations to AC 
303,630. 
Colony 
Number 
tested 
72 Hour 
LD-501(95% CL) Slope + SE 
Resistance 
Ratio2(95% CL) Y2 
GAST-LAB 220 0. .102 (0 .073 -0 . 173) 3 . ,86 + 1. 31 NA 0 . 51 
Spring 1993 
Bossier 422 0 .009 (0 .004 -0 . 014) 1. 24 + 0 , .22 0 . 08 (0. 04 -0 .16) 3 . 49 
Concordia 190 0 .016 (0 .006 -0 . 026) 1. 61 + 0 . 40 0 . 16 (0. 08 -0 .29) 0 . 15 
Franklin 190 0 . 011 (0 .007 -0 . 016) 2 . 94 + 0 , .67 0 . 11 (0. 07 -0 -17) 0. 11 
Grant 300 0 .019 (0 .009 -0 . 029) 2 . 21 + 0 . 48 0 . 19 (0. 10 -0 .36) 0 . 57 
Natchitoches 210 0 .004 (0 .000 -0. 010) 1. 08 + 0 .33 0. 04 (0. 007-0.20) 1. 71 
Rapides 101 0 .030 (0 .004 -0 . 060) 1. 93 + 0 .64 0. 29 (0. .11 -0 .75) 0 , .62 
Tensas 240 0 .017 (0 .007 -0 . 028) 1. 37 + 0 .26 0 , .16 (0. 08 -0 .34) 1, .72 
1 Expressed as of insecticide/weevil. 
2 Calculated according to Robertson & Preisler (1992). 
H 01 
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